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PkEKACE 


H  InstDriaiis  of  science  ticb.ite  wliethei  there  is  a  tiistmctivi  K  Aineruait 
science,  tliere  is  little  tloubt  that  there  are  ilistinctiv els  Amerit.in  s.uii'jtit 
institutions.  InniKnccil  not  only  hy  a  century  .uul  a  halt  ot  scieiue  .nul  leih 
nology,  Init  als»>  hy  tuitioiial.  regimial  aiul  ‘  1  .vent'*,  the  Lh  .S.  Nac.d  t  >h^er 

vatorv  is  ainoUi;  the  oltlesr  ot  these  institutii 

'rhe  occasion  in  IVeeinher  19eS()  ot  the  15<Hh  annivers.irc  ot  tin-  tmni.i 
iui;  ot  the  Depot  ot  (!h.uts  aiul  liisiruinents,  forerunner  ot  the  Na*aU>lM.* 
vatoiy.  prt)vibeii  an  »?pporiiiiniy  to  reflect  on  the  tM>Nervator\ \  p»i  s.  ii: 
aiui  tuii.ire.  it  was  .jIm)  an  opportuniiv  tor  teiehiatuii'.  I  hroiii^h  [lu-  i-ttoio 
t>t  the  t  >hservatory’:»  Puhlii  Att.iirs  C.‘(»nnnitte;  aiui  the  (.‘o«imniiee  o:i  'Ju 
Preservation  »>t  Historic  lnstru»nentatii>n.  Pht»to^rapll^  ami  IKhumh  ihn  l.un 
iliarK  known  as  the  Hisnn  y  CAiunmitee  l,  a  iiie  vanet\  ttt  ceh.l>iaitn\  .n  ?i\ 
ities  wa>  of^aiii/cil.  '•  iieie  c\.is  a  «. otis.  ii)Us  attempt  t*>  present  li-.i  iiistnu 

tioii  ill  turn  fi»  the  N.:v  v ,  tin*  ac.nleiuu  ». oininuidt s  an  !  the  ;nihlu  .  .nw* 

t  thseiv.itoiy  personnel,  vuiient  ami  past,  tfntlie  inoniin^  4>l  f  i  ul.i\  .  IK  * ,  n 
her  S,  an  ottui.ij  cereimnn  was  in  hi  m  the  l.ilnat).  i  !  e  |ir«te;ian.  ot  .pe.ikei 
is  prinieil  «)n  page  \iii.  hi  tiie  attenioon  tiu  lnsii*riia!  s\  mpo-.niin  v.  .o  l..  hi 
Aiui  II*  the  eveiiitig  there  was  .i  pari\  liii  Matt  amt  tnemls  of  ilie  tflui:.  i 
S.ituuiac  ss.is  s.iev»>teii  to  .»  »j,»\  h  ne,  opill  MoUm'  toi  liu’  p:.!';  V.  ih 
tiiiai  i'Miii.  oil  \toiuia\  moiuin^.  w.is  ilu  s\  tiip'.'.inm  on  *.a::v‘  ■  »  *:  >! 

t  ai  ni  *•  ea  'ai“-. 

I  tieie  .ije  in.o’.v  \v.i\ s  t*»  niea’.nte  tlie  Mi»o  s><'t  liti  frs(i'>;iu  I'u  i:  ! 
ouinignoneb  s}*-*  kei  the  *j>.5.ihl\  of  tlie  pi  eseniat  Iohn  .o  ho*,  mn  :h  lu 

ilns  ••.o!tnne!.  tiu'  numl'e:  *'1  vish^ms.  tlu  esIi.niNihiii  ,.i  ilu  oie  i;n/  i  I?* 

ojtiii  noiise  on  S.itnuiav.  iKuiiiitiei  »«,  w.is  o-.ei  w  neimni^i*  ..u  ^  a  I  • 

oy  tiiMiieni  Vv  atlivf,  nioje  th.iu  olOO  pt  op!e  ,  Ssii.  ,i  .m-  i>i>.  •.  i 

totv.  ueu.ng  liie  sp,  «.ial  esiisl*!!-.  .ani  t.i.,  sin '.es.  foie  televi.i.^  *•  • 

'  !i  A,.  I  iu'  N.iti  ‘U  il  (  As!  o.-neiui  s  .isslsti'ii  ii'i  '  a* 

iol;ihif\  .nul  .}  li’ft  *  fp,'  !,»  -.oi.it  oi'Mi  \  .it  n  iio.  At  I  1  li.v  ^  n  * 

'seo  iiiMi  i  I iie  U  .«’.liiii.;ion  (  , i  iua!i  ai  ‘>  P  .S. u  t  \  iu  ;  .in  .i 

t»!.iiive  ipiailei  p.  at  ♦»{  Moinnii;  M.ii  lo  l.ie  luih  \hiio« .  1  iio  v  a  ..j.i.t  p.  - 

sihls  h\  Ms  i\evUie  \\niim.;toM.  who  is  .»  imnilu  i  o!  h..'h  ;iu  '>1  . 

^Ia^^  ami  the  S.  ,.u  i\ 

lu  .1  m.tr  *  'vhoi.siO  \i-m,  tin  I'.n<>  nv  nip-  .;.s  o  fh.Ku  i  tiu  ‘  ai  ?  ,  .  * 
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llic  ( )bscrv.ii()rs  *s  htc:  .»  rich  ]n.sior\  which  thu.s  t.ir  ii.is  rc  ci*ivc\l  liitic'  Mimi 
luc-iK.'  .iiul  tile-  onmuii-;  scientific  pr«'^r.iin>.  whu  It  rcMihin  public. uui 
(l.il.i  used  In  i!ic  i;t»veiniiieni,  liie  .  the  imein.iinin.d  stieniitu  ..uuiuu 

iiilv.  und  the  j;ener.d  public.'  All  ot  the  p.ipei s  .ippe.ii lu^  iu-n  iii  .ue  b.is’.d  *  u 
liMinciipts  id  l.ipes  i»t  the  s\mpi>si.i.  .md  h.ive  l>een  .dicued  .uiK  (■*  ii  tievt 
the  not  .iKv.iy.s  Uivi.d  diltereiices  betneeii  the  spoken  .md  wnticu  cs  >1  il.  I  he 
only  exception  »n  the  p.ipei  th.it  .ippe.iis  in  the  Appendix,  nhij!  *\.is  n  : 
p.irr  of  tile  s\  mposi.i  but  w;is  written  on  the  occ.ision  of  the  scm|1iu  i  nt 
tor  .si.’ .ni(/  1 1 

I’.iken  tc)gelher.  it  is  hopeti  th.it  these  p.fj'er.s  mil  repiescii?  .1  siu.mI 
tributioii  to  .1  b.idU  needed  h  storc  ot  Ameiic.in  scientific  iiistitutu  iis. 
well  .IS  iielp  to  fulfill  the  no  less  pressiiii;  need  for  public  undcist.iiuiu.c  •  t 
the  work  of  modern  scientific  institutions. 

rh.mk  .  .lu  ciue  to  the  nu  inbei  s  t d  the  t  ibsei  v .itoi  \  ‘s  Public  \l  t.ui  s  i  >ir 
iiMttee'  f*>i  tin  11  help  in  oi^.nii/in>;  the  .uiinccis.iiA  events,  to  the  nu 
of  the  <  .oniiniitec  foi  the-  Pieseiv.ition  of  fiistoin  histi  uinent.it  loi: .  Pilot. ■ 
y,i.iphs  .uid  I  iocuineiii^'  for  then  help  m  proolie.uiin^  this  v  oiuti  .  .  j. «  \i,i:  u  ». 
.Sossl.ui  tor  help  in  coinposiiii;  the  tv}‘csiiipi.  .utd  to  1,  K.  K.»iteit\.  K.  \ 
.Se  hinidl  uiid  M.  Mir.nn.iii  foi  tiieii  piioioe,! .iphic  uoik.  i  in. dU  ih.tnk-  ueis; 
t'l '  to  (  .ipt.n n  U.u  itioud  :\.  \  ohdi  n ,  I  hSN  .md  (  om in  niifei  b  ‘hn  1  .  i  t  .  m i  *  • 
ill,  l*SN.  ic  •.jU  c  1 1\ c*U  tin  Supc  i luti  nde  iii  .uul  Peputv  Sup.  i  .tUv  udeM  e  *  in 
.\.i\.d  Ob  .etv.itoix  dinnij;  ‘he  .iiiiiiv*  1  ^.u  c  ,  ,u  d  ti-  c\..  st  .  !h*.5  :  P  I. 

Seideiin.mn  .uid  .dl  tin  s\ mpoM.i  p.ii  tu.  ip..nts.  vsinnv  .  op.  i  .  1  .n  ■;  .,1.  . 
s\  tnposi.i  .(I  .1  t  his  V  oinine  ot  he  •  p. . .  ,ible. 
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NAVAL  OILSLKVA  I'OKY  TIML  I  )ISStMIN ATK  )N 

liLioKi:  niL  wiiu:llss 

(an  K.  H.irtky 

Nalional  Bureau  i>l  StaiuiardN 

WIilmi  I  bci;au  c<>  prepare  ttir  iliis  talk.  I  iluju^lic  it  \V(uilil  In  a  sti.iii.Li 
turwaiil  matter:  I  wtuiLI  diseus:^  vpiality  work  l>\  a  tine  insiiiuiu .n.  As  I 
bei;an  >o  ili^  a  bit  into  S  iUir  history  a  hisii>ry  that  evcepi  tor  Steve’s  .ootle' 
is  aiiui>N(  unpulhislietl  I  louiiii  that  tliere  weie  a  numhet  mI  juvuIu'Is  wlocii 
Wi)uKi  nuiieate  a  a!  itislitiitioti.  1  >a*'  i>t  \oui  touiuiers  \s.i>  niaJli.iled 

ts^iee  l)eti*re  he  retired  as  an  atliiiiial  .  one  ot  wnii  asironoinei  s  w.o  banned 
tr«»iii  the  jtiuruals  aiui  eviletl  to  (.‘ahioriiia  tor  llie  lesl  ot  hi-,  i.neu.  Aiui  s.»  I 
MUiehiiieii  that  we  Itaii  heie  an  iiistituti  >n  id  unusual  people:  we  l:.ui 
versv,  and  thus  an  eiiMfiHuiunt  existeil  tor  ire.itivi-  vv.nk. 

Niiw.  tile  seeoiul  thniy;  I  noted  was  liiat  in  this  area  •>!  tiuu  d.is  iUinn 
non.  ihe  Naval  tdvseivator\  hail  tlniie  a  tienieiuious  numini  «•!  liiinp  1 
U*da\  i  have  ^lonpeil  ttiein  iiilt»  live  ateas;  t.on^if ude.  (  iOtto *ileii  (  I'Kks. 
Ihdilu  l  ime.  Uniform  Liine,  alio  *.  .lee  hour  s\ mposi;.?n. 

hot  thes  aie  not  |;ivini;  me  ail  the  iina.  .-.11  h.iNv-  toeo.oii  tiuse  an.  .o 

lalhei  lapidK . 

We  ale  talking  ai>om  tone  i/o  >»  n Ihe  }i»b  of  Jilt  lut  ,  tii 

tiiiie  .  .  .  well,  tiiai  is  up  ?’»  the  astiimuiiii  ? s.  We  will  ^t.ut  ii  t  s  .e.  tne 
vh»'a  ot  tiie  ohseP.  aloi  \ .  ihe  tune  has  been  vletei  mined.,  t*.  beiUj.;  i  ^  ''in. 

pla<.e.  Old  we  Want  t»*  U  Of  soju*.  pailKuiai  i;!»'up 

.'ii ./« 

I  in-  tiie^.iaphu  tieletininalion  of  K.-u.i  i-i-te  pe.'K^t^d  -i-  tf  .  ‘  -..oa 

Slates,  and  llu*.  pi*»^ess  is  p.ihaps  ihe  tii-e.  us*,  of  vl;s  .i  tii.'.  t  .  a  ‘t-e  »  o. 

I  n.ud  Stuu  s  What  s.m  ii^<  o  ».  VvituH^e  an-1  .iUnpuJe  ••  et  ils  i  .  fa  ! 

tl.sle  v;o.  :i  m  i  .ihle  I  ;s  ustialiv  listed  as  the  iniid  «»ne  in  ta-.  hoties  •  t  t.  • 
iitaphu  di  til  mil. at  lolls  ol  io^^^^ittme,  ihe  fust  .t  d  thna  a.t  te .  u;  a  t  ^  i - 
^.ln•\^n  wei  '  me.isiiu^i  »«n  l!u’  t.  v  pel  mu  ntai  iuie  «>!  .S.4nuSk  !  *!•  * 

W  ;  ht  «.,,1  and  i’.altmioie  I  lie  natue  as- » -v  i.iti  it  with  the  t.r  t  a,...  s 
ifiend  \anmaf  t  iial  es  Wjfk.-.,  -.slif-.'.  ts\  -  t  .Ot  uiattods  i  i  v  p.e  '  f  .i  .  . 
:v’ii  le.i*  uuhiiivi  tuaiK  ,vtini,-.  i. .  .?*.«•  «  ss  .u  ssitlft.f.  i.iit-i.i  .  . 
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BARTKY:  TIME  DISSEMINATION 


Tabic  1.  'lime  Dissciuifudiou  for 

June  1844  Washington  Baltimore 

1845/1846  Part  of  Ohserv.itory  plans 
Summer  1846  ‘'Wires  connectcing  the  main  lines  at  Washington 
with  rhe  Washington  Observatory  .  .  .  set  up  by 
the  U.  S.  Coast  Survey." 

Oct.  1846  Washington  Philadelphia 

Summer  1847  Washington  jc..»ey  City 

1849  Washingtim  Cambridge 


Wilkes 

Maiirv.  Vols.  I.  il 


S.  Walker 
S.  Walkei 
C(»ast  Survi 


Civil  War.)  'iT.c  sccoud  a  id  third  dates  iu  this  table  are  not  listed  in  the  lus 
tories.  As  you  see,  the  first  Siinerintcudent,  Matthew  Maury,  indicated  tlia 
the  telegraphie  deteriuinaiion  ot  longitude  would  be  [i.nt  ot  the  t  ibst  i  \ .iti'r\ 
plans.  ‘I’he  next  two  determinations  October  1<S46  and  .sunnier  ol  1847 
w'ere  peiiurmed  by  the  use  >1  the  first  conmiercial  telegraph  line,  riie  liiu 
between  W.ishington  .ind  New  York  City.  I  want  Co  show  vvitli  tlu  last  d.ite 
1S4*>  th.st  very  early  on  Washnigtoii  was  lietl  in  to  the  zero  of  the  longiiiuli 
net  of  the  Uniteil  Slates,  which  was  C.'ambriilge  hec.iuse  of  e\t imiigces  o 
chionoinciers  with  Creenwich.  Ymir  i'isiory  gives  many  more  ul  thest 
longitude  (liffereiiee  determinations  between  Washingtoi,  and  oilier  ['laas 
l>iit  i  waiiteil  to  sliow  with  this  series  of  d.iies  that  the  N..v..il  *  ibserA.iun \ 
was  diung  stale  of  the-ari  work  in  this  .nea  from  liie  fi  •  i. 


Table  2,  (  oniiiflli  J  i  1.  b' 


|8t)H 

Navy  Dvpaitn.cnt 

!  H7 1 

Army  Signal  Oliut 

M.iv  i87.> 

1  iv.isurv  i rcpaiiii.ciit 

lK7.r 

Unani.  Vv..ihi»igton 

is;  ’ 

Saif,  Wal  and  Tif.iMlIV 

iSSn 

Aiil  uiialii.  ',ianMni%>i‘iii  ul  1 

1  8,S -I 

(lai.liifi  Syxutn. 

1  \fi.n!ivi'  MaliM.-li 

Svti.»U' 

N.40tm .Musv  i:in 
.SiiiilhM»;ii.ii»  lu%t natjiaj 
1  niuiN 

( •aiviiicr  I  hw  kn;  ttoiii  .'O  {*>  N  I 

.‘On  1 1 .11  il  III  I  I  li  >i  K*.  I  til  ^  li  '*  r.  I  il  <.  Oil 
’  ,!**  I  I  II  k  .  «  I  >a{  f  I 'Ill'll  i*\  I  sNi  I  Him-  iliu' 

Sn  '-Ii  Ul  viiM  itiiliniu  li 


I  'i  N 
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Controllcil  (Jocks 

When  you  dial  up  the  Naval  Observatory  T'iine  Service,  vou  hear  about 
the  master  clock.  Well,  obviously  if  there  is  ;i  lU  'ster  clock,  tliere  must  be 
slave  clocks.  So  I  dug  a  bit  into  the  history  to  see  at  what  stages  \ou  wi  re 
controlling  clocks  in  various  other  parts  of  Washington,  and  I  show  m 
Table  2  the  Navy  Oepartmenl,  the  Signal  Office,  and  so  t)n.  It  becon 
rather  interesting  in  18S0  when  you  are  able  to  give  out  time  ticks  ahmg 
yoiiv  telegraph  line  automatically.  And  so  in  1884  we  lune  thi.  rather  large 
cluck  system,  which  is  a  clock  line  from  a  mean  time  clock  at  the  Naval 
Observatory  controlling  clocks  iti  government  buildings  in  WasinnL;roi). 

We  should  say  something  about  the  mention  of  William  F.  (i.iidnei  in 
Table  2.  He  is  you?  instrument  maker  at  the  Observatory  fn.iu  1865  tt' 
1898.  F*or  those  tif  us  win*  are  experimentalists,  it  is  this  sort  of  person  who 
makes  laboratories  run.  Now'.  Oardner  has  six  patents  oti  these  clock 
s\siems,  liucks  wiiicii  lie  can  aiijusi  automatically  from  the  N.iC.il  nbsetv.i 
t(.vv.  I  really  wanted  to  show  vou  a  picture  td  one  of  the  tioiks.  but  wli.o  I 
show  Is  .iboiit  ail  that  is  known  about  this  particular  linie  ilisseiinn.it ion 
stem  of  the  N.ival  Observatory, 

r'O'fic  I  inh 

’!  he  N.ival  ( fbserv.iii»!\  is  also  giving  out  tune  to  the  general  piiblu.  !  his. 
loi.,  starts  rather  e  nl\  on  as  you  see  from  I'able  .v  I  he  N.ival  ( )bseJ\.it>M\  is 
loiMii'ite.*  m  18(>5  by  .t  lelegi.i['h  line  to  the  W  .isiTiiigt' m  Fu  e  .'\!at  iiM  )i  lu  i 
.iMti  t  m^s  (he  I  lie  bells  iliiei*  times  dm  !n>;  Hn  d.i\  .  I  he  lu.iio  h  t  n  i  nn  h  oe.l 


Table  .v  PttkUc  I  tine 

A.',;.  »H(<>  Washiii^toti  lire  bells  {1  u.ui.,  12  imi.n.  U  p.iu.  . 


!  sas 

lSf*u 

I  o  Slulr  ^4 )’ plt.ju  A^  \  ill  III  vij  liic  bi  H  i  ii  iiiit 
V^csfcitt  iMiitiii  bt.tiKii  to  111.1. n  oliui.. 

Westeiii  Uiuoii  loiiii  liDiii  t  rbst  t\.itoi\  ,  iIkii 

Vi\i  K  S.  iCM 

i:  a  1 

M.u.  !> 

1  S  •  i 

liSNo  o*  Wisif.oi  lu.iiMi  rcijiir iiiivt.-  liuuil 

M  t.  a  !o:  .1  1 

t  s ;  1 

■  c.j;.,  .SitiitlisoHi.»n  iib.'kiu VO! \ 

Amu  Si^imI  4  systom  uf  r  Jtu! )  miio  t  .1  n 

■!  IIU 

IV. 

!.^ 

lor  lllc  lctltolii^.v  j1  •.l.*!U»!U. 

DsNt  >  iw  Wosri  in  i  nit»n  toi  "spioj.l  oi  NuumLj 

:»!  Tun.  f  1  j 

, .  , 

W.r  f. 

'  1  1 

vio.)lioji  0!  ur.M  \i  jvivO  to  vUi.'i.  Ju.liDO 

1 ’SNt  i  s  piaiii  bn  .NNt  tlttio  l’.ii!  I<’t  . 

.  U  111  1  •  1. 

A, MU 

in  Si  ps. 

1  S  r  ’ 

1> 

’  Sh  i 

Wc’itom  1  !UO!i  uMlioUKtl!.  MI-\V  lliao  MlVUO. 

\S'j.>buj  ;!oJi  l  uut:  to  .»!1  pottils 

USNt  r  iito'i-.  \ Vi  vitiic  bull  \i  ,v  Noih  1  ;!!!t 

St  vi  r.»l  usiiino£“ii  !u  rtT*^iijl  siofit’-Uc.  on  b.iu  t..  1  sNi  ? 
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run  from  the  Fire  Alarm  OHice  to  the  State  Department,  ami  iliev .  too.  h.ul 
asked  ior  a  time  signal  in  tliat  year. 

in  the  Orphan  Asylum,  the  building  that  housed  the  Si.ite  Departm-  lu. 
there  w.is  alst>  a  branch  office  (d  Western  Union.  Western  Ihdor:  hniped  into 
this  particular  signal  system  and  brought  the  time  signals  from  there  to  their 
main  office  in  Washington.  W'e  arc  not  sure,  but  vve  think  that  lhe\  prob.iM\ 
distributed  it  throughout  the  United  Stales,  What  wc  are  sure  of  is  that  some 
time  before  1869  there  was  a  direct  telegraphic  loop  from  the  Na\al  Obsei 
vatory  to  Western  Union,  and  tln^se  time  signals  were  ilistributed  to  the 
baitinuue  I'v*  Ohio  R.iilroad  and  to  stuirhern  railways. 

'The  1  S7  I  date  is  a  very  interesting  one  because  it  .shows  the  .st.irt  i)f  .i 
very  close  relationship  between  the  Naval  Observatorv  and  Western  f'nion. 
In  iS71  the  Naval  Ol)sei vat4)rv  asked  Western  Ihiion  to  pri»viiie  Wa^llnli:lon 
time  to  the  Smithsonian  nieteoroh>gh..*i  voiunteer.s.  Also,  in  th.it  ve.u  flic 
Signal  Uoips’  ch.ick,  which  was  conne».tid  lo  the  t  )i)sei vatoi a  alone  aitotiier 
line,  was  exp.iiuled  as  »  system  for  the  .’niliiai)  ineteori 'logic. il  statu  ms. 

The  ltS7()  tlate  ni  Tabl-*  ^  is  very  interesting,  too.  iHuaiisi  it  is  .n  thn 
time  th.it  dn  Nav.d  ( ib.servaiorv  suggests  to  Western  Union  that  tiiev  pio.i.h 
.1  new  time  service  tin  »iisti  ibuiion  of  W'.ishim.tton  time  to  ,\"\  c;tv  Aith  a 
popui.tiioii  I't  .Ai.tMlIi  (>i  i.Mgei.  We  .ir^  going  lo  be  t.fikmg  abo'i;  imu’  lulls  .i 
hllle  l.iier  hut  I  thonghi  ii  \v,is  mte«esling  tliat  during  thesr  iiem»ii.il  lo;;  r  ’h. 
plans  foi  the  Western  Union  time  b.ill  in  New  YoikC.ity  were  vl-cvei-  pcii  b\ 
the  N.iv.i!  Obsei v.itorv .  In  April  1«S77  Western  '  *.0011  annouiucs  dn-  tiuu 
seiviee,  ,n.d  t!ie  New  Yoik  time  b.ill  r.  dropped  in  .Sep’ i  inbci .  !h,.c!.) 

Is  .iM  t'\  I  II me  one  t«'i  pi’*  ipK*  •  lluw  .11  e  svemg  ilu  use  .  ol  uh  «.  t :  u  tu  .  1  h>  \  .,1  c 
seeing  tin-  .iv.iil.drdii  v  ot  .ntiir.ite  liiiu'.  I'l.blu  iiueu  st  is  niio!  1  .,tv  ,i  .j  . 
inMw  Uuffu'i  'x  Montii{\  td  I  iSTtS  { I  igin e  1,. 

/  }  mu 

This  w.is  .dsi>  the  era  «)t  .Si.nui.ii li  rime,  .ind  sonic  mij  .'it.iitt  e.  '  ..iv 
sI'.oCMi  III  ‘l.ibie  4.  PreMous  tv*  ISS.r.  as  m.iiiN  >•!  \im  kiu-v..  .itics  ccin  i  ^..i' 

r.ible  I .  /  u.'/‘  'on  I  iiiii 


N«iv  IJSfA  .Sl-.iaUrd  ijilvv..y  (mu  itil'.S.  I  )  r  1 1  ..{.i »  N  N  t  iiiu 

I  M.iuli  1.SH  *  \V.tiiun|^soii  1*11  '/Sdi  ii.v  iidi.Mi  I  mu*. 

I, Shi  M.uo  l-.l.m.I  liiiu  duiiilnainu  (.a  o  S,  wis*.  «>*  Ri-vku  s 

lS*ni  22  iTwi vjt* »i u  \  v«mi|4.«in  u*  (t.SNrl  Wi-sU  fr.  I  mumi 

l‘H  H  K  i -^:i .ipiiii  i  o>  M.tu  l  d.i!iUr*  u  .-..jK  . 
lu  u  iuii^'iOitlv  Jell tm.'ii.Mi  Ml. 
jni^’  i'»p>  t/.S.  .Si.mJ.Mvi  liiiu  /oius.  Ds  1 

in'(,  \\vv?.  ,);i  111. .n  ?«,  omu.iit  ^  M  •  a  M.i!  n.i.M!.!  o;  .. 
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seen,  '['ins  is  tlie  U.  S.  Nav.jJ  Dltservatory  at  Marc  Island  wiili  T.  J.  j.  Sic. 
ynur  astr()iu)incr-in-c\i!c.  staiulini;  in  [font.  His  tour  oi  duty  rtu-rc  wjs 
longer  tlian  anyoiu- cIsc's. 

'EIk’  need  for  accurate  time  wa:>  a  very  iin[)ortant  one  for  lines  aiul  for 
raili(»ad.:.  and  one  »)t  the  ways  astrcjnomical  ohservatories  made  nionev  tor 
.istronoinical  reseaich  wa>  to  sell  time  to  them,  l  liere  is  a  p.ij'ei  I  ha\e  seen 
in  tile  files  td  tlie  Smitlisonian  tliat  says  when  l.aiigiev  was  dnvi  toi  (*j  t’le 
Allegheny  Ohservarory  lie  brought  in  Suh.ODO  .is  a  result  of  selling  rune  to 
the  cities  .nnf  r.iilroads.  S»>.  needless  to  sa\  .  in  man\  oh>ei  \ atoi  les  were 

rather  mihapp\  about  the  close  relanonship  between  the  Naval  t  >bsei  \  ai ■ '!  \ 
.md  Western  Uinon.  I  have  yet  to  see  ni  the  Aiihivi's  the  aLtual  cmplanu  ti¬ 
the  Sevief.n  y  of  the  Nav\  ,  but  I  have  seen  the  .niswer.  It  g*'es  sometiinig  like 
this;  the  vletermination  (»f  lime  is  rel.il iveU  inex  pc'Usive;  it  ;s  the  disti abut  n  m 
of  time  liiat  is  an  expensive  proposition.  ObvioiisK  .  Western  I  iiion  b.is  tiie 
telegr.iph  lines,  .nul  tibviously  the\  <  an  u  fuse  tb.eir  use  i<i  all  tl'e  /b^.  »va 
lories,  and  ohvioiisly  w'e  eiul  up  with  uniform  time.  I  his  me. ms.  i  ot  tune 
from  III, ins  reeogm/eii  autlu)riiies  sutli  as  the  Z1  obsers .itories  th.i’  inin 
pl.nned,  but  time  !it*in  t>ne  plaie  the  N.ival  Dbsersators  . 

i  think  of  nniloiin  time,  in  the  sense  of  time  from  i*ne  pLive.  as  s:.ii!!ne 
in  when  Wesieni  Union  terminated  the  use  of  M.m*  IsI.hk!  iinn.  And. 

.IS  sou  tan  sie  fiom  T.ibie  -1,  in  D^nS  mue  fioin  iheie  w.»s  »>b\  e  nisi  .  i  little 
bn  diffeieni  liom  the  time  :n  W  .ishnn't’ m. 


/‘/mi  /I.///' 

W  e  ai  e  iMung  lo  se.'  a  h  >i  <  >1  pn  I  in  es  .i  nd  i  !u*i  e  is  .i  e.J  e.n  dt-a!  •  >f  Ui.i  1 1  :  i.ii 

heie.  .A  huge  numbi'i  ot  pi'iph*  weie  ittn^i  lielj'lul  in  .u  vpm  ii:-;;  ' '  a  n..»:  . 

.md  i  must  mentnin  l>iem!  :  Uiubin  «»*  the  .\.i\ .d  t  ih  ei  \  .n  • -i  \  I  ibi  n  .  .  In, 

.Steven  Unk  nf  tin  l>bsei\.n»av  si.ilf.  M.i:\  Entsel  ^>1  il.,  .N.oal  «  U  u; 
gr.iphu  ilffne  m  liav  St.  I.onis,  .md,  »>l  v>*msi-,  1  )i .  .Sii.m-n  (.iM> 

N.iin*n,il  :\\ v  hives, 

rmie  l).ills  wh.n  wiu  liu  v  l"i  I  r-an  li  t  Use/.u  tt‘  /''.a  i.  \.i.i  :  > 

,  1  ‘n>tS  i ij  the  mne. 

in  ieiiain  poll',  .situli  .lU’  in  tele;,!  ..j'isi.-  vxnn.mn..  n*  -n  w  :t  :l. 

pnm  tjvd  I  loei  V  .III  a  A  .  .i  time  li.ui  i  .liopped . nd  tw  lai.pi: 

W  n  h  n  t  In*  i  ini»noinetei  1 1  .idm.*  .  i  he  en  « •:  .r.  w  v  li  .i  tin  i  .«5  .•  m.i 
bt-  eslablisiievi. 


Vi ‘U  sei’  1  n.n  .1  t  line  b.ili  Is  II  a  .  lun  king  » .tie  .  In  *a>*  aueti  :  se.i  ■  i\ i.  m' 

W  jja l  vv  I  ,  n  '  j  Ij,  ! e  \\  a  .  a  I i.iii  '  Ui  .1  St  .il  I  j  t;: ,  i  .  a i  .  J  m ii.  •  .*‘i  in  .»!  . 
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it.  SoincDiic  else  was  watching  the  clock  and.  at 
a  particular  lime,  he  dropped  the  ball.  In  Eng¬ 
land  and  her  colonies,  the  time  b.il!  was  ilropped 
at  one  o'chtek.  In  the  Uniteil  .States,  it  was  drop¬ 
ped  ,ii  noon.  Where  were  the\  ?  Where  were  the 
tirst  ones?  I  .ible  5  sIujw.s  th.it  mie  w.is  .it  (neen- 
wich  in  'The  next  one  is  tni  the  ishmd  ol 

St.  Helena  in  the  Atl.intic  Oce.in.  I  he  Naval 
Observatory's  lime  ball  is  also  a  very  early  one. 
'relegiaph  liill  in  San  Francisco  Ls  in  IS.S2.  Ihe 
next  two  I  list  are  very  l.iinous  ones,  and  the  last 
one  in  the  i.ible  is  the  hrsi  time  ball  'lO'an.ul.i. 

Let's  go  ft)  tile  Ni>rth  Aineriian  i  e  b.dls, 
which  arc  listed  in  '!*.il»le  n.  We  h.ive  ih)ne  .1  lot 
oi  ’.igging  tt)  hnd  out  exactly  when  the  Na*.il 
Observ.iiory  tiri>pp»v.*i{  first  time  ball.  lUit  sou 
see  there  .ire  six  date.s.  .iiid  .vc  re.illy  c.mnot  de 
teriiiine  which  one  it  is.  ILisevi  on  uh.ii  we  know 
so  f.ir,  it  hioks  like  IS'VS.  .nui  ih.ii  sass  if  w.is 
not  the  liisl  lime  b.ii!  ni  N»*ilh  America,  unlui 


tuil.l 

iteU 

but  it 

The 

IS/' 

7 

-i..U’  1 

the 

N.iv 

.d 

i.  >bse 

gi  ap 

bu 
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•ji.il  li 
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( 
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I'li’ure  !  is  .1  l»ii  vd  .1  iiist<»nc.d  find  l»»r  us.  St.xe  I  h.  k  f;.iO  .1  vl 
s»»iiH‘iiiiii*.;  .d>i»ul  (i'lie  b.dls  in  the  A?ihives'>f  the  Se*  ni.ii  \  n  the  *'s.e 
wlieii  I  hiiiked  at  it  I  le.ili/eil  wh.it  it  xv.is.  h  is  the  ivtea  Ln  ihi  tusi  iin 
rile  niVi  iitKi  'kv.ss  i  .ipt.uM  Is  ulu  i  t  W  .uK  In »pe  X d  the  l<t>\  .il  \ ,  I  h .  u 

I.dde  ■>.  jin  /  ,rO  i  iiiit  ii-./L 
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I'.iMi’  (>.  \i>t  ih  Ainriiijii  i'iiiii- HjH'- 

18U 

1845  N.»fit>n.il  OhM‘fv;itt>ry,  U'.isljiiieti*n 

>7  l  ob.  1845? 

•'1849 

IH:v5 

M.iy  185-  Sail  I’r.iiu  isco  \C.’ity  v)bM.iv.i!ory ; 

1855  (^luToi  8 Jl'>crvatory  ai  Citailcl' 

1859/(»1  .Albany.  NYC  8)n8!ov  Ob.sotvatiiry  ) 

1862/63  Muniroal  i^MclUll  Obsoi vaiory 

Mat!  It  1870  I'ort  Ibiwo,  Saini  JuIm.N.U. 

*.1871  ??  roii>nt<i  ;M.«^iiotit  t  )bsorvMt«ir\ ) 

18  /1  ?  (  aiuliiiiali  (.)bi0ivat«»ry 

10  Sopi.  1877  N' \v  York  ;USNO 'rdo^rapliu  Sii;nal) 

1878/81  St.  1.0111.N  (?; 

8  May  1877  liostou  '1  larval J  C!oIIcm' Obsoivauny 

ti)  ii.ivt'  ivvu  balls  lino  is  tcxod  aiui  yon  ilrop  llio  ollior  •>iio  ai  a  paituular 
limo.  aiiJ  so  on.  ‘rho  iiiaiorial  is  si.x  soars  carlior  tiian  any  of  tiu  liatos  iO\on 
in  liisioiirs  v.onlil  imluaro,  so  ijuiio  obviunsiv  ii  is  somolfiirt;  ’.m-  ‘o  a  htiK 
os  oitoJ  .ilnmi,  anil  wo  will  w  i  ilo  soniojliin<;  iii>  on  tins  p.iriu  iilai  iiiui  ' 

Now  wo  will  sliow  \  oil  soiiiv'  pii  linos.  I  n^ino  s  is  siu  onwnb  in  I  ’<* 
willi  liio  linio  ball  ilisf'las  oil  pronitiiomK  .  l  imiro  (>  !*>  'l  o  onK  I'  liioino  to; 
Malting  ib.io  onrlior  liian  1H55  loi  '.iio  i\a\..i  iiosoualoiy  inno  .  ['Ut  !?v 
lakon  lioiii  Voliimo  1  ol  ilio  h'iiJmiofiUi  ( ilfu/ otNi.iuss  l.soi  .  \\  v 
lio  kiiiWv  tiom  inforni.iiion  in  1  8S  1  iuiw  ii  w .is  lii oj'poil.  1 1  ll  c -  C;.  linnu' 
ol  il;o  Obsoiv.itois  aiui  ilioii  rollcil  ilown  oiiio  ilio  lool.  ti  w.is  not  iunia; 
ilowii  .1  stall. 

I  imiu-  7  IS  .M\on  siinpU  'o*  sbow  .■  nuc  looking;  tinio  ball  n.  *  .mi.,  i,  !  .. 
ball  III  oao,-*  Is  all  uioa  lor  tisiina  lo  >401  il  to  drop  .1  litilo  boll-'  n.  ..in!  : 
limo.  1  Jo  mil  know  m*is  inuoii  aboiil  l!io  lliiio  i'.ill  al  llio  (.  iiN'.oni  II  •n.^.  1:. 
Now'  Yolk  v.'ns  shown  in  I  ii;uio  tS.  liui  I  kiiow  about  lito  01:0  in  I  i.uu  i '. 
is  llio  Now  Noik  (.  il\  uiiio  ball  tiio  Naval  t  U-soin aC \  lii  'Pf  o.i  [  \  a  loiv 
|4:.ip!i:\.  M.'n  iL  rho  liliistr.i: I.,..  IS  II oni  S.io./fi/n  \r,t  iuji  »  I  I  N 

l  i-.uno  D’  siiows  llio  r»t»sion  tinio  b.ili  ih.u  w  .0  <i;  .pp,  0  i'>\  .5  -:.. I  *'  u* 
liio  \.h»vk  sii^n.i!  .11  liio  }  l.iuai  J  t  ollo^o  t  )i»so!\ aioi  \ .  rh  il  p.uii^iiii'  I  .i  ’.  o  a. 
loll!  fool  ni  lii.uin'loi  .nui  ssi  ipluM  aiUi  p.iunjs.  I  in  u»a:.oh  !m.i‘  %  ,  . 
viaimoJ  iiiio  wiio  0.2  l.i*  soionJ.aiu!  tii.it  w.:-  cviiaiiJs  sufluuii  ’  r  . 

iiaS  I'^ain  m  pul  posos. 

l  ivUMi  11  .iiows  hu.iiiiuis  ol  til.-  .S.  tuiio  b.tiis  loi  N.  a  (.-s 

t  II  I  I'i*  tl .  1!  s  .ill  I  hk.'  rsl  (  i  »,isl  >  linw  I  in  IS  t  U 1 1  tj'  s'v  J  b  \  il  1 1 »  v  I  ’  >  ^  , 
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i  ij».  10.  Uiiiit.ii  time  lull.  rft»u»  Wat  IkpartiiuMii.  Rru^c»^il•^^4l 
l*ajx  «  No.  5»  ot  the*  Sijjtul  Sctiicc.  Wa»lu»*s,toM :  (RkV't luttcm 
i*f  itiiiiii;  ( >irat:,  188  i . 


I  II  t  .  S.  Wsnt*  l.aH.  }w!  ve  4  nav  il 
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M;jro  l.slatul.  By  this  I  mean;  we  raise  the  ball,  hukl  it  up  wuh  an 
eleeuomagnet.  ami  then  a  telegrapiiic  signal  clft>ps  the  ball  preciselv  at  no«»n 
time.  Some  ol  the  i>nes  un  the  liast  aiul  (iull  Coasts  w'ere  dropped  h\  tiirett 
telegraphic  signals  Iroin  the  Naval  Ob>ervatt)ry  at  W.eshinnm.  IhoNe  Nh.iun 
pretty  much  m  the  Central  rime  Zone  were  tlropjvd  b\  br.inJi 
graphie  tdlices.  Tluy  g«»t  ti«e  t  )bservalory*s  time  signal  at  eleven  oM  nk 
liieir  lime.  They  had  their  own  docks,  and  so  they  dropjHd  tiie  nnu  bad 
an  luitir  liter.  The  ilo?  i>ii  Detroit  is  one  tiiat  I  lound  oiiK  in  a  l.'  rm.in 
document,  .ind  in  no  other  list.  Neither  the  Nav.d  t)bserva;oi\  lu.i  iIk 
branch  oltices  had  anything  ti>  do  witli  lliat  particular  time  ball. 

The  (.iiics  given  in  higiire  \2  are  the  same  as  on  the  preictiing  m.i  p.\\h„r 
I  w.nil  to  highlight  Is  that  the  hey<lav  tor  time  lialls  began  .iboui 
w'etn  to  he?, 3.  t  hat  is  when  radio  tmie  .signals  became  iinpori  irit.  if  \  -u  i.m 
gef  time  .it  sea  \  ou  realK  aie  no  liinger  inti  rested  m  getting  lime  '  -nls  ,\h  n 
\  uu  are  .il  .1  se.ipori. 

Now  I  .on  going  to  go  thiougli  .»  numbei  ot  specitu  innc  I'.iils.  -v.ii 
h.ise  .1  tew  seijueiues.  and  then  we  will  be  tinisheii  wiifi  tills  t.jik. 

We  will  st.irt  With  .Sail  t  t.iiuisco.  I  igure  I  .Ms  a  puiure  lo.in  i  .sSo  a 
ing  lelegi.ipi;  fiiH.  the  -.trutiure  on  the  Hiil  i\  shown  in  m  -ia  .’.et  i:i  n  ] 
me  l  l.  wheie  \ou  '...ni  see  tiie  time  bail  on  the  {*»p.  llieie  u  .»  vi.i’.e  t.e  ?hv 
piuvtogriph  oi  iHHd.  t'ul  we  know  tiiat  dale  i>  wrong  i'i.vaii'.e  >..i:  ii.i*. 


Wr-c.  -35  i 
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cisco’s  time  ball  was  controlled 
by  tlie  branch  Hydrographic  Of¬ 
fice.  and  it  didn’t  start  until  af¬ 
ter  March  1H85.  fhe  new  Ferry 
lUiilding  was  built  in  lH‘)H.and 
Figure  15  is  a  picture  born  that 
era.  Flie  branch  i lydrographic 
OHicc  puf  J\c  tune  ball  at  tin- 
top.  in  1‘>(19  they  swiielied  tt» 
the  Fairmont  Ht»tei,  and  Figure 
16  sht)ws  the  time  ball  on  ujp 
of  it. 

We  all  know  the  building  in 
Figure  17.  We  call  it  liie  0*ld 
Fxccuiivc  OHice  Building  iu>w. 
it  W.IS  the  Slate.  War  and  Navy 
Building,  f  igure  iH  is  a  picture 
t)f  the  time  ball  on  the  rotji. 
f  iiii  time  ball  was  in  use  until 
iV.Ui,  The  ball  slid  dc>wn  into  a 
ielainnig  ful>  ^Figuie  19),  ami 
you  dun’i  see  it  except  artnind 
ntunitime.  i  Hupping  it  in  leads 
Ui  problems.  t>t  ctnirse.  When 
tile  tub  is  ivcd  over,  you  rra’ij 
caitmn  raise  it  ami  give  a  sign.ii 
that  day.  The  ro^vs  to  raise  u 
bfiike  iM.caston.div.  Sonutiines 


Fij*.  15.  ITrry  Uuildit>i:,  San  Fr4tuUt.u  f  i  >fM 
California  MiiiutiLa!  .Suci*  ij'Sjjj  I 
\*iih  fH‘''.n.i-''un. 


\«»U  love  the  Itiiie  :.lgf»al  lu»in 
tile  t  ^bsft vaitu V  .  .S>>inetimev 
you  i<»fget  ti>e  ke\  io  liu  atitv. 
VO  \tiU  alt  iiitabie  til  false  U 
tii.it  v{,o. .  liu-  failure  !.»u  cs.is 

5  S  :-, 

Figu?e  jvrtainv  <«>  our 

Irtejivi  Ml.  (•.niiner  agun.  II; 
ii.is  tv.  i  p.iteu: .  on  tnue  bails 
what  ihal  ivaUv  mt.ois 
l\  that  tiies  vt.nt  ha.kmg  , 
I.  ivl:  ilile.  I  ‘j.iio  .'1  du  -v-. 


V 

% 

I 
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Tig.  21.  Time  ball  on  Western  Utuon 
huiMu*g.  NYC.  Fioiu  South  Street 
Ri'j)ortt>i.  XI  (Winter  1977  8).  <5. 
Repriuieil  with  peiniNsioii, 


the  3  cond  time  b.iil  struLture  on  the 
Western  Union  building  in  New  Yi>rk 
City,  'i’his  next  secjuence  i^  troni  the 
Archives  ol  the  Snvann.ih  Hydro 
graphic  OHicc.  Figure  22  3howN 
some  sketches  ol  support.s  tor  the  re¬ 
taining  tub.  and  thc\  are  obvioiisK 
t«‘om  blueprints.  'I'he  re.Nt  ot  the 
■itrueture  show's  in  Figure  2d.  with 
the  time  ba!i  at  the  top.  higure  24 
shows  the  time  ball  as  .i  series  ol  rib3 
covered  with  canvas.  Now  we  see 
tiiem  totally  tiie  .same.  F  igures  2.S. 
26  and  27  show  Duluth.  Norl'.'ll;  and 
Piiiladelphi.i.  respectiveU . 

I  mentioned  that  people  wire 
very  excited  about  electriuiv  .md 
scieiue  and  getting  .lecui.iie  time, 
and  ihev  w.uued  tune  balls.  How¬ 
ever.  V.estern  Unio.i  hail  .»  veto  oii 
an-,  i  uie  b.ill  structure  ih.c  w.o  in 
laiul  u  the  United  .States.  I  igure  2S 
sltow.s  one  oi  the  l.ist  (uu  s.  <>(1  .t  then 
iiew'  li.:itiiuoie  building:.  W*.  see  .i 


ling  strncv'iire  witli  an.ili  time  [\ilis 
and  retaining  tubs  (the  real  '  le  b.iIl  is  at  ihc  top  ol  the  st.itl  .  !  he\  w^rkei! 
the  lime  ball  coiieepi  into  in  "  oiiiameiii.itiou  ot  the  buildmg. 

Now,  nine  h.ili''  St  being  tlism. lulled.  desii»)\ed  .uui  si»  on.  !  iguir  2'> 
shows  the  iK-troit  i>ne.  i  picture  is  Iron:  the  turn  ihe  tent  !i\,  tin!  i: 
lorks  like  tin's  .If  desiiosiijg  ilie  svhole  iieighborliof.d ' 

I  tguie  is  till  i>iu-  ill. It  .^inu^u:  (iibbs  likts  the  best,  h  o  t;  an  the 
N.iiiou.d  AkIiiviv.  and  IS  tl.ued  I9d7.  The  Luis  in  the  puime  in; .  .i  w.itii.-  on. 
file'"  Is  .ill  .li.ii  Mi  clot  k  ill  III!  li.md,  md  it  -...s  s  “.S.ise  ilie  .S.o'  I  t.eu  s  o  1  nsir 
Ihill."  Ami  so  to  s.ive  i  ^>0  a  se.ir.  the  Hs  ill ogi .iphei  «>t  the  ,\.a\  .»b.ouio?i. 
the  lime  Inill  in  .S.m  ri.incisc*). 

Ihguie  31  shtwvs  Mare  Island  N.iV.d  Ships  .mi.  Tint  c  ol  iiu  nuiliUng^  tne 
tmi  b.iil  is  fui  the  chisest  oiu  »  weie  N.iiion.ii  Hision.  1  .uuini.i!  ks.  .eui  I  w.is 
e.wtied  .iboul  that.  'I  hell  1  learned,  lluee  iiu»ii[hs  .igo,  tli.u  i !>>,-;•  .a ;  U  m.i.' k s 
ii.id  I'Ci  ii  disiu.iiilleii.  Hull  sveia-  go<»d  le.i'oin  loi  iloii'C  i-.  piiMi- 

piopeils  <u.  ihe  b.ise.  liie  icii-.  Im.it  .oines  m  iiio-.  .uui  'o  ..u.  i  •  .  eg  .m.  i  ; 
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Skctciics  for  the  Javannali  time  ball. 
From  National  Archives,  Record  tiroup 
37.  232883  187  Savannah. 

Fij;.  22  (top  ltT:\  DetaUs  of  retaining  nib 
and  supports. 

Fig.  23  (top  rijiht).  Total  structure,  with 
bail  raised. 

Fi^.  2'1  ^bottom).  Details  «>1  ball  aiul 
Cone  at  tc.‘p  td  statt. 
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Fig.  28  (left).  Maryland  Casualty  Building 
B;dtiniorc.  From  Naiions.1  Archives, 
Record  Group  37,  1S1070-187  Ba.; 

April  24.  19i8. 

Fig.  29  (hottom).  Time  ball  on  Wriglit, 
Kay  &'  Co.  Building,  Detroit.  From 
I>etroit  Public  Library,  Burton  Historical 


Col  Ice 
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Tij:.  30.  l-airinoni  lluiel, 
Sun  rr-ncisco.  Fronj  Na 
lional  Archives,  Rec‘»f.I 
t:roup3?.  142716  SF; 
March  15.  Di3?. 

make  i!u*  ball  tltjut  tinv.-;; 


is  that  there  are  other  examples  of  industrial 
buildings  of  that  era.  Those  buildings  had  been 
constructed  about  1865. 

The  building  in  Figure  32  is  the  Prudential 
Building  in  Buffalo.  The  architect  was  Louis 
Sullivan.  This  is  considered  his  Finest  example  of 
a  commercial  building,  so  Buflalo  is  spending 
seven  million  dollars  to  restore  it.  I’m  .ifraid 
they  might  a.sk  for  the  time  ball  structure  again. 

Seaman’s  Church  Institute  in  New  York  City 
is  shown  in  Figure  33.  The  structure  at  the  top  is 
the  Titanic  Memorial  Light  and  Time  Bail  Tow¬ 
er,  showm  in  closc-up  in  Figure  34,  and  it  was  in 
service  from  1913  (the  Titanic  sank  in  1912) 
until  1967.  When  the  building  was  demolished, 
Exxon  spent  $200,000  to  build  the  Titanic  Me- 
einorial  Park  and  put  the  time  ball  structure 
(shown  a.s  Arabic  1  in  Figure  35)  as  the  gateway 
to  the  Suutii  Street  Seaport  Museum. 

There  are  a  tew  time  balls  lett.  Figure  36 
shows  the  one  at  (Jreeiiwich.  And  there  is  the 
time  ball  in  3‘imes  Stjuarc  at  New  Year’s  Eve.  1 
should  point  out  here  that  this  time  ball  conies 
trom  a  somewhat  diltcrent  tradition.  'I'lie  time, 
the  noontime  we  are  talking  about,  i.s  the  tno- 
xh  iil  af  r(  /c;cve  ot  a  lime  ball.  Here  it  i.s  a  bit 
tlitlereiu  bciause  iliese  people  usually  are  having 
a  lot  trouble  navigating  .it  this  time.  You 
vei\  slowly.  Tiieie  is  .i  man  named  Russell  ILowii, 


who  prob.ibl)  is  tiie  vmiy  non  scientist  interested  in  the  leap  secoiui.  and  it  is 
ids  job  to  nuke  sure  it  lands  ex.aci}y  at  the  New  Year. 

We  h.ive  now  seen  sinne  time  balls.  Let  me  stop  iiere  .i.ul  sa)  ,  tb.mk  you 
verv  inuih. 


R.  ii.  Sciiimdt  ^Naulicai  Almanac  tlflicci:  Do  ymi  know  .my  tiling  .ibout  a 
time  bail  in  ,St.  Ltiuis?  Theie  was  .»  reb  iciue  in  liic  publications  nt  the  Mm 
ri.v.m  t  ib.servaiury. 

B.irtky:  Yes.  !  rc.vd  .i  couple  ot  pajKTs  o!  H.  .S.  PiitJicti,  win-  \v.!.  imi.dly 
licrc  and  tiien  went  rc»  Morrison,  lie  w.is  .dso  director  i»l  ilu  ob-vtivatory  .it 
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Fi^.  34.  Titaitic  Memorial  Light  atnl 

l  ime  Bali  Town,  .Seaman’s  Church 

■-'%■,  y 

‘.  -i  <,.  ./ 

Institute.  NYC.  Frwin  .Soutli  Street 

Scapoi!  Mttseam  collcvtion. 

Fig.  33.  Seaman’s  Church 
Inslitutc,  NYC.  From  Sou 
Street  Seaport  Museum 
collection. 
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Wasliington  University  (St.  Louis}, 
then  was  supcrintcncicnt  of  the 
Coast  and  Geodetic  Survey,  and 
then  president  of  M.I.T.  He  is  very 
unhappy  with  the  Naval  Observa¬ 
tory  because  the  Naval  Observatory 
is  interested  in  Standard  Time.  He 
loses  business  because  of  that.  Mor¬ 
rison  CH^servatory  had  two  time 
bails,  one  in  Kansas  City  and  one  in 
St.  Louis.  Rather  than  talking 
about  those,  1  wanted  the  talk  to 
locus  on  the  Naval  Obscrv'aiory  and 
the  sea  navigation  time  balls. 

Captain  R.  A.  Vohden  (Superin¬ 
tendent,  USNOJ;  What  were  they 
made  of?  About  how  mudi  did 
they  weigh? 

ILu'iky:  Abt»ut  1211  pounds.  Tl»ey 
started  t)tl  being  ray  (segment) 
structures  and  then  there  was  that 


Fig.  35.  Tiianie  Memurb)  Fark,  New  Yoik 


huge  solid  shell  one  i.i  Uosion, 
which  w.ii  -400  pounds.  Thev  ended 


Ciiy.  Frt»ni  S»>uiK  Street  Seaiptxi  Mujcum. 
Keprinicd  by  permbiitm. 


up  .as  a  Irainework  cvwrrcd  with  black  canvas.  ‘I  hen  they  weie  t|uiie  rc.ison 


able  in  weight. 


R.  T.  edarke  (Time  Service  j)ivist>n):  In  one  i>f  your  evamplcs,  \tui  s.dd  that 
the  Kiiss  was  $(>(>.(100  to  unc  obicrvalory  that  wa%  providing  time.  How  did 
iistrumuuy  iinvtve  the  loss  ot  this  much  money  in  22  places? 

Darikv:  I  have  m>  idea.  Ma»be  tiui  w.i.s  the  time  of  the  Luge  endow mentN 
tltat  were  .-it.triing.  I  simply  don't  kutAv.Th.il  is  a  hit  of  money. 

t  laikc:  Did  liic  viiher  21  ohveiv.iit*ricv  also  tomplain;' 

li.utks:  rhal  was  ilie  t»nly  one  1  have  seen  where  there  was  that  aiuovttit  t>t 
mones .  Ihckering  at  Harvard  is  very  ctmcrrned  that  liis  tdwervaiors  gets  l>» 
drop  the  tunc  b.dl  in  tUisttm.  He  says  two  things:  \vc  provuie  liie  lime  lr«>m 
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Cambridge,  and  we  receive  not  inconsiderable  sums  of  money.  There  is 
money  here.  And  it  is  obvious  that  Western  Union  finds  out  that  there  is  a 
great  deal  of  money  in  it  too,  and  that  is  why  they  wipe  out  the  others. 
Now  that  is  a  good  thing,  because  I  would  much  rather  get  one  source  of 
uniform  time  than  to  have  to  do  some  sort  of  averaging  among  23  observa¬ 
tories.  So  the  right  thing  happens,  but  we  might  not  like  it. 

Clarke:  How  many  observ:itories  went  out  of  business  that  way? 

Bartky:  The  small  ones  did,  but  the  big  ones  .  . . 

T.  E.  Corbin  (Transit  Circle  Division):  What  happened  after  a  week  or  two  of 
cloudy  weather? 

Bartky:  The  error  got  up  to  a  second  to  two  seconds  and  that  is  about  as  bad 
as  it  was.  Tliey  had  reasonably  goixl  clocks. 

Corbin:  Back  in  the  1850s  a  week  or  two  might  get  you  up  to  several  sec¬ 
onds. 

Bartky:  1  agree;  I  was  talking  of  1885.  There  is  a  reference  in  one  of  )our 
Annual  Reports,  where  in  1880  Gardner  takes  ap.*rc  the  mean  time  dock, 
cleans  it  and  puts  it  back  together.  Suddenly,  it  works  better  thoji  it  ever  lias 
before,  't  hey  say  the  rate  is,  at  the  very  worst,  a  tenth  of  a  second  a  d.iy, 
which  is  very  g<M»d.  He  was  obvitm.\l)  an  exceedingly  clever  nun. 

G,  H.  Kaplan  (Nautical  Almanac  Office):  The  lime  ball  in  New  Yoik  C  iiy. 
Was  that  involved  in  ibe  real  time  balls? 

Bartkv :  N**.  I  don’t  think  st».  rhe  New  York  Tunes  o-ccupied  llial  buihiing 
imiil  1913  su  it’s  cuaj  io  search  in  the  literature.  It  is  «>ne  newspaper,  «nicc  a 
year,  sn  you  rcu  1  about  it.  What  they  did  is  drop  it  down;  as  iooii  as  i?  hit, 
iigiiis  on  the  ilirce  sides  ol  the  bmldinj;  wvre  turned  on  showing  the  New 
Year,  rhai  was  .mother  evciienicnt  fur  the  jjencrai  public  using  cleciiusly. 
Nt».  it  is  not  in  this  tradition,  but  ibrfc  ts  instant  fecogniiivm  for  u.  Wlicn 
vi>u  call  hist»‘ri*.al  stKtctics  and  sav,  “  l  ime  Ball,”  ilicy  don’t  kn*»w  wiiat  \  on 
mean.  But  when  v  ou  say  ,  “New  Year’s  Eve”  ibcn  they  di>. 

.S.  J.  Dick  ^‘I  fansii  thiclc  l>ivison):  I>»»  » i>u  iaie  to  s,Ty  a  tew  words  alnnst  the 
ct>ntri>ver sy  over  the  Wasldiiglon  time  bajl'^  Why  there  is  a  loivtusiors  ol 


'As* 
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daces? 

Bartky:  I  have  looked  through  the 
history,  and  we  have  gone  through 
tlic  Archives.  You  have  notes  of 
dates  and  1  borrowed  one  set  from 
Dr.  Glenn  Hall,  and  then  I  looked 
through  your  Annual  Reports,  and 
so  on.  The  notes  say  1844.45,  and 
that  seems  about  right  because  of 
the  picture  of  the  time  ball  on  t)  ; 
title  page  of  the  Ubicf' 

vatioHS. 

l>ick:  Ti»e  date  of  the 
Obu  tvMious  is  1846. 

Uartky:  Yes,  two  years  here  I 
would  not  mind  at  .ail!  But  then 
you  see  Fritcheit’s  pa{>er.  He  was 
here;  he  was  born  in  1857,  but  he 
was  hcie  as  a  young  man  and  ob¬ 
viously  i»e  talked  to  people.  He  was 
the  one  who  says,  **Vt»u  drop  it  on 
the  dome,  it  rt)lls  down  the  di>me 


F»|i.  36.  TKe  C»i.*cftwUh  time  ball  today. 
With  pcrmmiofl,  Nstional  Maritintc 
Museum,  London. 


onto  ihc  rt>ot,”  and  };e  is  the  one  who  says.  “1853.”  Then  ii;ere  is  uiic  (ithurt 


relcieiKc,  Luoniis"  in  Aitnmonty.  The  first  edition  vloes  not  talk 


about  it.  Tile  third  edition  1  have  not  seen  yet.  Have  vchj  seen  tiiat  tnlilion? 


Dick;  Yes.  just  tvKiay.  It  has  a  rctereiuc  to  it  in  1856.  It  dt)cs  not  give  aa\ 
spevitic  date. 

Uartky:  As  you  know,  that  is  just  an  upper  bound.  ‘I  here  is  visual  cvideiuc 
of  an  lK-i6  date  that  is  tlie  slide  that  \  ou  saw  but  there  is  lu)  written  evt 
tlciue  until  IS55  to  1H56.  The  Archives  are  tremendousiy  hig.  and  tlic  ipie^ 
tivui  is.  di>  we  have  an  idea  hovs'  to  gel  into  them  t./st?  ‘they  talk  about  -O 
feet,  loo  feet  of  records,  and  so  on.  Hi*w  do  you  find  it’  .And  so  vou  ihink, 
tiu*  asiroitojncrs  were  observing  maybe  llu  *  W'fotc  it  dr.wn  in  their  il.ita 
bin>ks.  and  tin  n  that  might  do  u  f.tstef.  I  ficie  is  just  a  tn-mendous  amount 
of  tnatenal  to  gt»  ih*i*ug}i  in  tlic  .\ri.hives. 
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1.  Steven  J.  Dick,  “How  the  U.  S.  Naval  Observatory  Began,  1830-1865,”  Sky  and  Tele- 
scope,  60  (1980):  466-471.  Reprinted  with  corrections  and  footnotes  in  this  volume. 
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(1982):  50-54. 
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OBSERVERS  AND  THEORETICIANS: 
ASTRONOMY  AT  THE  NAVAL  OBSERVATORY,  1845-  1861 


Marc  Rothcnberg 
Smithsonian  Institution 

This  afternoon  I  would  like  to  provide  some  context  and  background  for 
the  Naval  Observatory  and  its  work  during  the  two  decades  prior  to  the 
American  Civil  War.  specifically  during  the  period  of  the  superintendeney  of 
Matthew  Fontaine  Maury.  This  was  a  period  of  tremendous  growth  in  tlic 
American  astronomical  community*  The  seven  observatories  that  existed  in 
the  United  States  in  1840  had  become  thirty  by  1861.  None  of  the  observa¬ 
tories  active  in  1840  was  considered  a  center  of  significant  research.  Two 
decades  later  at  least  six  obseivatories  were  able  to  conduct  important 
research.*  An  Amcrscaii  youth  in  1861  who  wanted  to  become  a  profes 
sional  astronomer  could  anticipate  finding  experienced  and  skilled  instruc¬ 
tors  and  employment  opportunities."  By  European  standauls,  Americans 
were  gcncralU  not  in  the  luuTfv-  ^  n  *  viewed  as 

tom|>ctent  astronomers  who  t>ccasion:d|\  exitibiled  Hashes  td  brilliance,  nt)t 
yet  in  the  xame  class  witli  the  best  ul  Eurt»j>e,  but  as  .i  community  pri>bably 
Comparable  to  tlic  Russians  and  Italians,  aiul  gaining  rapidly  upon  the  Eng 
lish.  Frentli.  and  Ciermans,  who  constituted  the  astronomical  elite  at  the 
time." 

Tfieic  were  a  number  i>i  lactoxs  contributing  to  this  great  growth.  Fait 
t)!  it  was  the  innate  interest  that  astnuuimy  geiicratcd  among  the  general 
pubiu.  it  is  I  sxrry  fu.i  sciciuc,  atui  asfioui>iucfs  were  able  to  exploit  tins 
interest  to  gam  financi*.!  siip{K>ri.  International  ris’alrs  alst^  plaved  a  pait. 
AcliiesTincnt  in  science  viewed  as  t»ne  benchmark  in  a  nation’s  pr tigress 
lii  ujfvfiuiltmal  t.om|ivtnion.  iniitb  as  the  Olympics  perhaps  may  be  viewed 
ItHlav.  I  t*  have  first  class  ubservalurics  ami  a  first  tiass  scientific  ctiinmunttv 
was  important  tt»  siuiic  AmerKans.  especially  wiicn  thev  Itstikcil  overseas  at 
Furtjpcan  ac(.t>mplisluticnts.  I’maliv.  there  was  the  rtsle  of  seiii«mai  nvahy. 
Dae  t»f  the  fatltus  in  the  ability  of  tlic  Harvard  favuliy  it*  raise  large  s.ims  t.I 
nioiu'v  ft»r  Harvard  Cadlege  Obscfvatoiv  was  tiic  fatt  th.af  both  Fiiiladcipliia 
..?id  Yale  liad  t»bscr valt»rtrs.  Hi»W  sould  Ifarsarsi  (and  tfictcf»»re  iV*»\ton  m»i 
iiavc  stunc  soft  of  «>bseivatt*r  v  tin  the  same  swale 
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The  community  ch^t  developed  in  America  during  these  two  decades  ! 

had  a  number  ji"  very  clear  characteristics.  One  of  the  iiitercsting  things  I  j 

have  found  is  that  the  men  who  staffed  the  Naval  Observatory  during  the  i 

antebellum  period  (during  these  discussions  I  will  exclude  the  passed  mid-  ! 

shipman  and  other  temporary  naval  staff  who  were  stationed  here,  concen-  I 

trating  on  the  professional  astronomers  of  the  staff;  were  in  many  ways  very  ! 

typical  ot  the  American  astronomical  community  as  a  whole,  particularly  , 

regarding  education  and  experience.^  Most  American  astronomers  in  this  i 

period  were  college  educated,  and  it  was  during  their  collegiate  days  that  I 

they  were  formally  introduced  to  the  science  of  astronomy,  although  with 
relatively  little  hands-on  experience.  The  observatory  staff  was  also  made  up 
predominantly  of  college  graduates.  More  particularly,  the  Naval  Observa¬ 
tory  staff  had  been  educated  at  places  like  Yale,  Harvard,  Bowdoin,  and 
Middlcbury  at  a  time  when  most  American  astronomers  had  been  educated 
north  of  the  Mason-Dixon  Line  and  cast  of  the  Appalachians,  with  Yale  and  : 

Harvard  being  the  leading  institutions.  Like  those  astronomers  outside  the  I 

Naval  Observatory,  the  staff  members  of  the  Naval  Observatory  who  under¬ 
took  the  most  sophisticated  research  were  those  who  had  received  some  sort 
of  speci.ilized  training  or  had  acquired  a  knowledge  of  the  foreign  literature, 

;  -ticularly  that  of  the  German  astronomical  community,  the  acknowledged 
leaders  in  practical  astroiioui)  Tlw><  .:stronomcrs  who  were 

sell-taught,  about  twenty  percent  of  the  astronomical  community  during  this 
era,  usually  offered  as  partial  compensation  experience  as  observers,  particu¬ 
larly  as  surveyors.  Moreover,  many  of  the  self-taught  had  early  in  their  ca¬ 
reers  become  attached  to  tlie  academic  community,  inculcating  its  values  and 
norms;  i.e.,  they  had  become  part  of  the  professional  scientific  community, 
which  had  been  centered  in  the  academic  world.  So,  too,  was  it  in  general 
with  the  sell-taught  astronomeis  of  the  Naval  Observatory. 

In  terms  ot  training  and  past  experience,  tlie  Nav;il  Observatory  stall  was 
atypical  (d  the  American  astrononiic;il  community  as  a  whole  in  only  one 
regard;  the  lack  of  any  West  Point  graduates  on  th.e  staff.  The  United  States 
Military  Academy  ranked  third  in  this  period  as  a  source  ot  education  lor 
Ainericaii  astronomers.  With  this  exception,  the  Naval  Obscrv.itor\  !ia<l  .i 
vv.y  representative  group  ol  American  astronomer.:. 

It  ilielr  ediualiunal  experience  was  typical,  their  .  dministr.itive  setting, 
their  instituiioiUil  setting,  was  very  atypic.il.  Most  American  observatories 
ol  this  perit)d  ci>nsisted  ol  one  or  two  man  stalls.  11  theiv  were  any  junior 
staff,  they  were  usually  there  in  the  role  of  students,  not  as  skiileil 
astronomers,  11  there  w,is  any  hierarchical  structure,  it  was  in  the  nature 
ol  a  student-teacher  hierarchy.  Thus,  the  N.iv,il  cM'Scrv.iiory  was  very  uihque 
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in  that  it  had  a  hierarchical  scientific  structure  consisting  of  master  astron¬ 
omers.  There  were  more  astrenomers  at  the  Naval  Observatory  during  the 
1840s  and  1850s  than  at  any  other  institution  in  the  United  States,  unless 
one  counts  the  mass  of  students  that  appeared  at  the  Harvard  College  Obser¬ 
vatory  toward  the  end  of  the  1850s.  But  those  were  students,  not  skilled 
astronomers.  Indeed,  the  Naval  Observatory  as  an  institution  was  much 
closer  to  European  analogues  than  anything  in  America,  with  the  closest 
analogue  being  Greenwich  Obsc»"vatory.  This  analogue  I  will  explore  in  more 
detail  in  a  lew  minutes. 

Now  I  would  like  to  make  another  point.  Compared  fo  most  astronomers 
active  in  the  United  States  during  this  period,  the  staff  of  the  Naval  Obser¬ 
vatory  has  had  a  very  low  historical  visibility.  I  would  wager  that  few  histo¬ 
rians  of  astronomy  or  of  American  science  recognize  their  names,  while  few 
astronomers  could  identify  them.  One  docs  not  usually  find  their  names  in 
the  histories  of  astronomy  or  even  in  the  folklore  of  American  science.  They 
had  generally  few  articles  to  their  credit,  and  in  the  broad  scheme  of  Amer¬ 
ican  and  world  astronomy,  most  appciu*,  at  first  glance,  relatively  insignif¬ 
icant. 

The  analogue  with  the  contemporary  Greenwich  Observatory  is  quite 
distinct.  There,  too,  one  finds  low  historic  visibility.  For  example,  how  many 
19th-ccntijry  staff  members  of  Greenwich,  aside  from  the  Astronomers 
Royal,  can  one  usually  name?  Tlie  typical  historiar.  .vould  have  problems 
coming  up  with  even  one.  I3o  most  historians  of  astronomy  have  any  itie.i 
how  many  staff  members  there  were  at  Greenwich?  I  think  the  answer 
generally  would  be  no.  Agiin,  one  finds  relatively  low  prodiU  tivity  me.is- 
ured  in  terms  of  published  papers,  and  again,  relatively  tew  import, mt 
accomplishments  that  made  the  history  books,  or  even  the  textbooks  ot 
astioromy. 

1  wo'jk!  argue  firs*  iluii  in  both  cases  we  have  hierart.hit  nl  strut  tun  s, 
the  Naval  Observatory  under  Matthew  Ft)i*fainc  Maury  aiul  Ciinrwitli 
under  G.  B,  Airy.  Secondly,  the  research  programs  were  gener.illv  lalthough 
not  completely)  limited  to  the  painstaking  work  of  astrornciries  rather  than 
what  lustory  books  look  on  as  the  more  glamorous  astrophysit  ;.  AihI 
thirdly,  in  both  eases  we  have  the  ditlusion  i>t  resources  am* a»g  .i  number  t>t 
lieuls  t>i  scicnee:  we  arc  t.iniiliar  with  the  tact,  for  example,  that  Maury  w.w 
interested  iii  metctiroltigy  and  hydrography,  but  perhaps  less  tann'iar  vviili 
the  tact  that  under  Airy  Coecnwich  conducted  rcsearcii  in  butli  meieiUtdogv 
ami  geophysics.  To  Maury  and  Airy  these  n.uional  tjbservati»ries  \tere  n«»i 
meiely  astronomical  observatories,  but  aisi)  centers  ot  tese.irtn  in  a  bri>ad 
speetium  ot  the  physical  sciences.  ’1‘his  tefulctl  to  limit  the  accomplislnnenis 
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of  staffers  in  a  particular  area  because  both  resources  and  time  were  dissi¬ 
pated,^ 

One  can  illustrate  here  the  restrictive  nature  of  the  research  at  these  two 
observatories  by  comparing  and  considering  lists  compiled  by  Stephen  Brush 
cf  the  top  ten  astronomers  and  astronomical  accomplishments  for  each  of 
three  fifty-year  periods  from  1800  to  1950.^  I  have  certain  problems  myself 
with  some  of  the  specifics  of  the  lists,  but  one  of  the  interesting  things  about 
them  is  that  they  are  compiled  with  the  benefit  of  hindsight,  i.e.,  they  reflect 
pretty  much  20th-century  attitudes  of  what  was  important  in  astronomy  in 
the  19th  century.  For  the  19th  century  as  a  whole,  ten  American  and  ten 
British  names  appear  on  various  lists.  Only  two  of  these  are  on  the  staff  of 
the  Naval  Observatory.  1  suppose  you  can  all  guess  they  are  Simon  Newcomb 
and  G.  W.  Hill.  No  member  of  the  Greenwich  Observatory  staff  appeals.  Was 
Greenwich  simply  filled  with  non-entities?  No,  again  it  was  that  the  nature 
of  the  research  done  at  these  places  does  not  catch  the  eye  of  the  historian. 
Historians  look  af  the  forerunners  of  astrophysics  and  great  discoverers,  not 
at  the  men  who  spend  their  evenings  in  tins  very  fundamental,  very  basic 
work.  Academic  astronomers  and  independent  amateurs  made  the  very 
unusual,  spectacular,  and  glamorous  discoveries.  They  had  the  opportunities 
and  freedom  which  the  restrictive,  fundamental  research  programs  of  the 
national  observatories  did  not  grant. 

What  of  the  men  who  were  at  the  Naval  Observatory  during  this  period? 
They  were,  as  I  have  said,  fairly  typical  in  education  and  in  career;  yet  they 
were  very  diverse  in  personality.  I  would  like  to  give  you  a  few  insigliis 
into  some  of  these  men.  Perhaps  the  best  of  those  who  stayed  at  the  Naval 
Observatt)ry  for  any  extended  period  during  this  time  was  Joseph  Stillman 
Hubbard  (1823  1863),  who  was  elected  tt)  the  National  Academy  of 
Sciences  as  one  of  the  founding  members.*^  Hubbard  was  Yale  educated, 
graduating  in  1843.  He  then  went  to  the  Philadelphia  High  School  Observa 
n>ry,  where  he  was  part  of  an  informal  (one  might  say  ’graduate”)  education 
program  where  he  learned  the  fine  points  of  observ'ational  and  po.sitional 
aslionoiny  under  Se;u’s  Cook  Walker.  He  was  appointed  to  the  Naval  Obser- 
v;itory  in  1845  through  tlie  intervention  of  Ale;;ander  Dallas  Baclic  of  the 
Co.ist  Survey  and  John  C.  PrcMnoiu,  the  famous  explorer.  Hubbard  had 
reiiuecd  FrcMUont’s  tibscrvatioiis  during  his  Rocky  Mountain  expedition, 
i’.ueutiietieally,  let  me  point  out  that  one  of  the  themes  one  liiuls  tlirougli 
tins  period  is  that  it’s  not  only  how  much  astronomy  you  know,  it’s  whom 
you  know  that  often  leads  to  an  appointment  at  the  Naval  Observatory, 
rhe  stronger  the  lobbying  effort  behind  you,  the  better  chance  yim  have  of 
Iving  appointed.  At  a  time  when  few  i)U.diritations  could  be  fonnali/ed  or 
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quantified,  persona]  recommendations  were  essential. 

Hubbard  was  an  all  around  astronomer,  who  proved  to  be  equally  at 
home  doing  observational  or  computational  work.  His  major  contribution 
was  his  discussion  of  the  orbit  of  the  great  comet  of  1843,  which  was  spread 
over  seven  issues  and  two  years  of  the  Astronomical  Jour)ial.^  He  was  also, 
incidentally,  Associate  Editor  of  the  Asirotioniical  Journal  and  has  been 
credited  by  the  Editor  as  the  man  who  actually  saw  it  to  press  most  of  the 
time.  His  work  on  the  great  comet  was  a  rigorous  treatment  of  the  observa¬ 
tions  of  the  comet  and  a  calculation  of  the  orbit.  It  also  proved  to  be  a 
reference  piece  for  Americans  who  did  not  know  enough  German  to  follow 
the  discussions  of  the  comet  in  that  language.  Hubbard  very  nicely  included 
appendices  in  which  he  listed  equations  and  discussed  what  the  Germans 
were  doing,  knowing  full  well  that  most  Americans  could  not  read  the  arti¬ 
cles  being  published  in  the  Astronomisclic  Naclirichtcn.  Hubbard  was,  unfor¬ 
tunately,  one  of  those  who  suffered  from  the  bad  physical  conditions  at  the 
Naval  Observatory,  and  died  shortly  after  his  election  to  the  National  Acad¬ 
emy.  It  represented  a  very  great  loss. 

One  of  Hubbard’s  contemporaries  was  Rucl  Keith  (1826-1908),*^^  who 
graduated  from  Middlebury  College  in  1845.  Almost  immediately  there  was 
a  letter  from  Maury  promising  him  a  position  at  the  Naval  (observatory  as 
soon  as  one  appeared. He  became  a  favorite  staff  member.  Keith  was  an 
observer,  pure  and  simple.  In  fact,  when  he  !jft  the  (Observatory  he  earned 
his  living  as  a  surveyor.  He  was  in  favor  at  the  Naval  (Observatory  under 
Maury.  I  believe  in  .ill  honesty,  because  he  was,  unlike  some  «)ilier  staff 
members,  “an  attentive  officer.”'" 

Among  the  other  staff  was  James  Major  (1813-1898),  born  ,ind  educated 
in  liel.md,  like  Keith  an  observer  pure  and  simple.'-^  He  bee.ime  very 
liiemlly  with  his  fellow  Irishman  and  astronomer  Father  James  (unlev  at 
(.ev>rgetown  University  ami  eventually  left  the  Navy  in  1859  to  become  a 
Jesuit. 

riie  senior  staff  member  w.ts  Janie.s  Ferguson  1 1797-1  whom  I 

lottk  upon  .IS  the  perenni.d  bridesmaid.  Fergiisim  was  a  sinveyoi .  e;  senti.dly 
.1  self  taught  astronomer,  but  .i  very  experienced  and  skiiievl  ob.^erver.  A 
memlKT  of  the  Const  .SuI^'ey  from  1833  to  18-17,  i«e  rose  to  tiie  [H}Mtjon  of 
fust  .iNsist.mi.  In  1843  he  was  pa>seil  oxer  for  the  posiiiim  of  .MipenMendent 
when  the  Secretary  of  'Irc.iMiis.  under  ireineudoiis  preNsuie  frinn  the 
scientific  community,  brtnighi  in  Alexander  U.dlas  Bathe  from  the  Univer- 
sitv  ol  Fenn.svlv.mia.  fwruu.MMi  was  very  hitter  about  the  t.ivi  ih.il  lu-  w.in 
pasieti  cner;  ibis  was  lesolvcii  a  tew  year.s  I.iicr  when,  .ifier  much  liglifng 
witii  li..eise,  he  joined  the  Naval  Observatory  staff,  where  he  bcvame  one  <•'. 


T'  >THENBERG :  OBSERVERS  AND  THEORETICIANS 


35 


the  most  prolific  publishers  in  the  American  astronomical  community.  He 
published  over  80  articles  in  journals,  primarily  very  straight* forward  obser¬ 
vational  pieces  on  the  positions  of  asteroids  and  comets.*^  These  were  not 
particularly  earthshaking  contributions,  but  indications  of  a  man  who 
worked  very  hard. 

When  Charles  Henry  Davis  left  the  Observatory  as  Superintendent  in 
1867,  Ferguson  campaigned  to  force  the  Navy  to  obtain  a  civilian  director 
for  the  Naval  Observatory,  working  on  the  assumption  that  as  the  senior 
civilian  on  the  staff  he  would  probably  get  the  job.  His  effort  to  get  a 
civilian  director  drew  very  enthusiastic  support  from  the  American  scientific 
community,  although  ultimately  it  failed;  a  military  director  was  selected. 
Even  worse,  Ferguson  found  that  although  people  liked  the  idea  of  a  civilian 
director,  he  was  not  necessarily  the  one  they  wanted.  Names  other  than 
James  Ferguson  had  been  circulated.*^ 

So  wc  have  an  institutional  structure  and  interesting  people.  But  there  is 
a  third  leg  to  this  triad.  We  also  have  a  director,  a  su^Mjrintendcnt.  Ultimate 
responsibility  for  the  way  in  which  research  was  conducted  at  the  Obser 
vatory  during  this  period  has  to  be  laid  at  the  feet  ol  the  Superintendent, 
Matthew  Fontaine  Maury  (1806-1873).*^  He  is  a  man  who  generated 
tremendous  ctnitroversy  among  both  his  contemporaries  and  historians.*^ 

To  me,  Maury  was  an  outsider  who  never  learned  the  rule.s  ol  the  game. 
He  was  not  an  astronomer;  he  was  not  a  piofessional  scientist;  lie  was  not  a 
part  of  the  academic  community.  Almost  everyone  else  in  the  American 
nsrionoinical  communiiy  was  a  proles.sional  scientist,  an  experienced  obser¬ 
ver.  or  a  member  ol  the  ac.idcinic  coinmunity.  'Ihcre  was  a  lairK  well 
established  invisible  college,  but  Maury  never  really  bec.imc  part  of  it.  He 
was  essentially  sclf-t.aught,  knowing  much  about  the  content  of  .isiroijt»m\ 
but  little  about  the  fine  points  of  doing  it,  particularly  in  an  .ic  idemic 
environn  i-nt.  He  was  llu*  only  director  of  a  major  obsersatorv  in  the  Ur.ited 
States  Who  had  neither  an  acatieinic  degree  nor  continual  extended  eont.Kt.-- 
with  the  .ic.idemic  community.*^  Maury ,  unfortunately .  was  isol.ited. 

M.iury  prob.ibly  never  re.iii/ed  the  extent  of  his  own  igiujr.incc;  or  put 
;motiief  way,  he  never  realized  •  uw  naive  he  w.is  m  iciins  i»t  hu  dealings 
will)  the  Ai.n  rie.m  astroiuanical  communiiy.  His  naivete  is  vividiy  expresseil 
in  a  letter  he  wrt>ie  j.u’ed  Sparks,  then  Ihesiileiil  <it  Ihuvartl.  on  .\f.ueh  iO. 
1849,  suggesting  a  cooperative  research  prt>gr.iin  between  Haivard  .md  tlie 
Naval  ilhscrvaltuy."*'  .Anumg  his  first  errors  if  one  was  incriher  of  the 
invisible  college,  one  wtmKI  recogni/e  tins  •iniuediately  was  .uidressing  the 
presuieiu  vit  the  college  liirectly.  in  citcii  going  over  the  heail  «»f  the  ooM-rv.i 
(oiv  director,  liiis  implied,  of  course,  that  tiie  President  of  H.ii\  ioi  .tnd  n*!', 
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the  director  of  its  observatory  established  the  research  agenda  of  the  Harvard 
College  Observatory.  William  C.  Bond,  the  Director,  would  never  recognize 
the  right  of  the  president  to  establish  directly  a  research  agenda.  Indeed  no 
professor  allowed  his  research  agenda  to  be  established  by  higher  administra¬ 
tive  authority  (except  perhaps  indirectly,  through  the  manipulation  of 
funds).  Already,  Maury  was  on  the  wrong  foot. 

Then  there  was  the  proposed  program  itself:  “The  plan  is  to  assign 
magnitude,  position,  &  colour  to  every  star,  to  obtain  accurate  drawings  ol 
all  the  nebulae,  correct  maps  of  all  the  clusters,  with  proper  measurements 
of  the  binary  stars,  so  tliat  when  the  undertaking  is  completed,  it  shall  form 
a  great  American  work  as  complete  in  all  respects  as  instruments  the 
present  state  of  .astronomical  science  will  admit  it  to  be.*’”*  There  is  grand 
vision  here,  but  unrortunatcly  little  touch  of  reality.  The  labor-aiul  one 
doubts  Maury  really  realized  this -  was  tremendous,  especially  the  reduc¬ 
tion  of  observations.  Bond,  the  Director  of  the  H.nrvard  College  Ohservatorv . 
declined  on  the  grounds  that  his  staff  was  insufficient  to  become  inv»)lved 
in  such  a  project. ““  (As  it  turned  out,  in  reality  neither  was  the  staff  of  the 
Naval  Observatory.)^  Indeed,  the  alternative  which  Bond  selected  was  to 
undertake  particular  aspects  of  Maury’s  resciU'ch  program,  such  .is  stellar 
posiiit>ns  .iiid  nebulae,  but  in  very  small,  discreet,  do-able  chunks.  Bond  did 
not  propose  to  proiluce  a  grand  catalogue,  but  detailed  observations  of 
certain  select  nebulae  and  stellar  “zones,”  at  the  same  time  remaining 
flexible  to  investigate  other  research  problems,  such  as  comets  and  tibser 
vations  of  Sniurn."**  Maury  represented  a  m.in  who  siinply  l'..id  no  ctnuept 
oi  the  lime  involved  in  doing  research  in  astrontiiny. 

Finally.  Maury  suggested  that  Harsard  Ct)llcge  (>l'scrv.itor\  slundd 
pel)lisii  its  lesLilts  umier  the  .uispices  of  the  Nav.d  Observait>r\ .  not  a  g«)iH! 
poliiic.il  move  at  ail.  Bond  declined,  very  pt'liteiy,  pointing  out  th.it  Harv'.srd 
C.'tjllegc  t)hseivatv)iy  published  with  the  cooperation  of  ihc  Ainericm 
Academy  ol  Arts  and  Sciences.  Indeed,  if  M.mry  knew  an\iluni;  .ib'  a: 
H.irv.ird  C’ollegc  Observaloiy  he  woulti  have  known  th.»i  most  of  the 
iin.uici.ii  support  for  file  obseivaiory  h.id  ct>me  Iron  the  Ainei  n  .in  Ac.uleinv 
ami  its  inenibeis,  ih.it  (liere  were  veiv  irtimate  bonds  between  lunul  an«l  the 
A<..uiein\  ,  ami  that  i:  wasn’t  accident.il  tiiat  must  of  the  i.'merv.iii a  \  \  \v«»rk 
was  j>ubiisli.'d  in  liieir  proceedings.*’  Morevwei.  ilidn’l  .\!.ii:i\  iei..j^iO*e 
liiat  H.»r\ard  might  w.uii  to  publish  its  owni  annals,  wiiiili  isuieed  it  liitl.'’' 
.Ls  liul  i  vei  v  ma)ur  obseisatinv  W'hen  if  had  >iiiiu  lent  luudnu;;  Maurv  w.i'.  t 
in.tn  v.'ht*  seemed  our  of  svm  hroni/at ion  wiiii  liie  rest  ot  ihe  .istrouf  iint^  .i) 
coimnuiiiiy . 

ji:-t  to  lompouiui  the  probhun,  Main v  w .»s  .u eiiseil  “f  ni.su'v  u  •  uis  u.»(!. 
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Again,  here  I  would  argue  it  was  more  through  ignorance  than  intent.  The 
most  glaring  and  most  famous  incident  was  his  relationship  with  Scars  Cook 
Walker  (1805-1853),  a  man  whose  name  should  be  better  known  to  histo¬ 
rians  of  astronomy  and  to  astronomers.^^  He  was  the  leading  theoretician  on 
the  Naval  Observatory  staff  prior  to  Simon  Newcomb,  although  he  was  only 
there  for  a  short  time.  Walker  was  a  Harvard  graduate  who  had  come  to 
realize  the  power  of  the  astronomical  methodology  developed  in  Cicrmany 
by  Gauss,  Enckc  and  Bessel.  From  the  mid-1830’s  on,  he  became  an  ardent 
student  of  astronomy  while  working  as  an  actuary  for  a  Philadelphia  insur¬ 
ance  company.  He  became  the  director  of  the  Philadelphia  High  School 
Observatory  upon  its  opening  in  1839.  Despite  the  fact  that  it  was  at  a  high 
school,  this  was  the  only  research  observatory  in  the  United  States  in  the 
early  lo40s. 

At  the  time  of  his  appointment  to  the  Naval  Observatory  staff  in  1846. 
Walker  w.is  probably  the  leading  astronomer  in  the  United  States,  or  at  least 
in  the  top  three.  Maury  did  not  have  an  inkling  of  this.  Writing  to  Benjamin 
Peirce  of  Harvard,  who  was  one  of  Walker’s  chief  comjJctitors  for  the  title  of 
number  one,  Maury  stated  that  “I  can  boast  assistants  here  in  no  whit  his 
[Walker’s]  inferiors.””®  As  an  adminberator,  I  can  compliment  Maury  on 
his  loyalty  to  his  staff,  but  when  a  director  claimed  to  have  assistants  equal 
to  the  best  man  in  the  field,  when  knowledgable  astronomers  knew  that  the 
claim  was  invalid,  the  credibility  of  the  director  bccuine  questionable.  The 
truth  wa:>  that  Maury  had  only  one  assistant  even  in  the  same  league  with 
Walker,  aiul  iliat  w.is  one  of  Walker’s  former  students,  Hubbard.  Maury’s 
altitude  tow.jid  W.ilker  \v.is  quite  straigh:ft)rward;  Maury  was  the  Superm 
ItMulent,  .md  Walker  would  tio  .astronomy  as  he  wa^  told  to  do  it.  In  a  long 
letter  sent  to  Walker  prior  to  his  taking  up  ot  duties  in  which  Maury  detailed 
the  new  slaH  member’s  responsibilities.  Walker  was  instructed  in  some  detail 
lii»w  to  observe,  as  i!  he  were  no\ice."^ 

Wli.it  is  probabl)  mu»si  surprising  is  lliai  Walker  lasted  as  long  a*,  ae 
did  one  year.  He  obviously  did  need  a  job.  I‘inally,  unable  to  accept  the 
m.susc  of  Ins  talents,'®  Walker  joined  the  Coast  Survey  under  Alc.xaiider 
Dallas  Baciie.  becoming  heail  of  the  Longitude  Division.  He  later  wen*, 
insane  .md  died  in  an  .isvluiu. 

When  oiic  measures  the  accompiisiiments  tif  the  Naval  C)bserv.nt>r\ 
during  the  period  184  5  61,  one  has.  I  believe,  two  m.ijor  consiiier.un>us. 
('ue  is  the  potential,  the  other  is  the  reality.  Poleniuilv.  the  vei)  sirmiure 
ot  liu-  t  >bM  iv.iii>ry  as  a  iiicraichical  iusiitutioii  with  a  p.iriivular  irse.uth 
•  Uiigr.im  pl.iced  eeriaiu  limitations  on  its  fl.ishy  .‘iceomplislnneuts.  if  I  may 
use  that  term,  t  >n  the  other  haml,  it  h.id  tremciuious  poiennai  to  do  vtcl 
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lent  astrometric  work.  Generally,  it  fulfilled  that  potential  quite  well.  The 
great  sin  that  Maury  committed  in  the  eyes  of  the  astronomical  community 
was  his  de-emphasis  of  the  reduction  of  observations.  Because  he  never 
really  realized  the  finer  points  of  astronomical  research,  he  never  understood 
the  principle  that  you  had  to  spend  some  time  reducing  your  observ'ations. 
Unreduced  observations  arc  not  of  much  use.  The  backlog  of  observations 
was  tremendous.^*  In  the  wake  of  Maury’s  departure  to  the  South,  Congress 
appropriated  funds  to  reduce  the  backlog  of  observation.^  that  had  accumu¬ 
lated  at  the  Naval  Observatory.  The  observations  were  turned  over  to  B.  A. 
Gould,  an  astronomer  at  the  Coast  Survey,  who  promptly  reduced  them  over 
the  course  of  a  ycar.^“ 

When  one  looks  at  the  Naval  Observatory  during  this  period,  one  has  to 
say  it  was  a  fine  place,  which  unfortunately,  because  of  a  director  who  was 
outside  the  academic  and  astronomical  networks,  never  quite  accoujplished 
all  it  could  have.  Thank  you. 

S.  J.  Dick  ('I  ransit  Circle  Division):  You  can  tell  these  papers  arc  uncensored. 
Are  there  questions  for  Marc? 

Q:  Were  there  any  complications  from  these  pa.sscd  midshipmen  and  other 
people  who  were  dumped  on  the  observ.itory  as  a  nice  place  to  keep 
them,  rather  than  have  them  starve  as  far  as  the  Navy  was  concerned? 

Rotiienberg:  rroni  the  point  of  view  of  the  ct>miminiiy  as  a  whole  no  one 
seems  to  say  much.  I  think  they  are  perceived  as  people  who  are  doing  ilu* 
very,  very  routine  sort  ot  work  wliich  everyone  was  very  happy  to  let 
someone  else  ilo.  In  an  academic  institiiut>n  you  might  bring  in  a  senior 
student  to  tb»  the  same  sort  td  tltiiig.  A  student  wiio  expressed  interest  in 
.isiromoiiy  et>uid  nurture  such  a  position  i.ver  the  tour  years.  I  think  they 
were  viewed  soiiiewimt  m  that  sense.  I  don't  know  ot  .mv  td  tiiein  v. ho 
entered  the  c)bseivaiory  in  th.il  capacity  wlit>  ever  went  ow  lo  careers  in 
.isiriniotiiv  j>er  se.  .S«»me  went  on  lt>  e.nrecis  in  yetidctic  Wiuk  tor  the  Coast 
Sijrvey.  tor  example,  but  I’m  not  sure  any  td  tliciu  ever  entcri.d  onu.  .1 

Careers.  I  vlon't  know  it  they  were  discmiraged  by  their  cxpcrieiue.  or  what. 

l>rck:  Hut  (liiiiss  began  as  a  |U\sed  iiiidshipmaii. 

Rotiienberg:  \  es,  that  is  piii»r  (o  the  peritnl  I've  disciiweti  today. 

A.  b.  Noii>erg  iNaliona!  Svieiue  l-ouiuj.iinv'  :  .Mar*,  .  llu*rc  are  a  nundur  ui 
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interesting  directions  we  could  follow  in  your  talk.  One  of  them  lias  to  do 
with  the  biases  of  historians.  We  commonly  look  at  the  writings  of  the 
scientist,  and  in  the  second  half  of  the  period  that  you  are  talking  about 
today,  I  looked  to  sec  what  the  Navy’s  attitude  was,  not  the  Superintendent, 
but  people  above  the  Superintendent  all  the  way  up  to  the  Secretary  of  the 
Navy.  I  did  not  find  anything.  Did  you  find  anything  for  your  period  about 
what  the  Navy  hoped  to  achieve? 

Rotlicnbcrg:  No,  I’m  not  familiar  with  thi.s.  1  have  not  conducted  extensive 
work.  The  closest  analogy  that  I  know  ot  would  be  the  Coast  Survey  with 
the  Secretary  of  the  Treasury,  where  1  know  that  for  the  most  part  the 
Secretary  of  Treasury  was  very  happy  that  the  scientific  community  was 
taking  some  of  the  responsibilities  of  selecting  personnel  off  his  hands.  I 
don’t  know,  for  e.xr.mple,  what  the  Secretary  ot  the  Navy  felt  about  this  sort 
of  thing.  One  of  the  interesting  questions  is  what  does  the  Secretary  of  the 
Navy  feel  when  he  is  getting  all  sorts  of  letters  asking  that  certain  people  be 
appointed  to  positions,  and  when  he  has  no  technical  expertise  to  figure  out 
and  evaluate  these  lecomincndatiuns.  That’s  a  good  questirm  I  havcir't  really 
lescarclicd. 

F.  K.  Seidelnunn  (Nautical  Almanac  Office):  Have  you  looked  at  why  the 
Nautical  Almanac  Office  was  set  up  a.s  a  separate  entity  at  one  lime,  and 
whether  that  has  some  connection  with  the  reputation  (jf  the  Naval  Obser¬ 
vatory? 

Kotlicnherg:  'I'hat  is  the  direct  result,  I  believe,  ot  Maury’s  reptit.nioii.  it  was 
pl.iced  in  (‘.imbridge.  next  to  the  best  research  observaii»ry  in  the  liiiited 
States,  near  Iknjaiiiin  Peirce,  a  leading  niatlieinatical  astronomer  In'  the  miti- 
IH.^Os,  and  as  tar  away  as  possible  troin  ihc  iniMiianagemeni  ot  Maui\.  Peiiie 
wa-.  lie  i.nto  wientitic  diieiloi  ot  ;he  Ahnan.‘c,  while  hi»ih  tin  tirsi  fwi> 
viireco>rs  Charles  Henry  Davis  and  Joseph  \Vmlt)ck  were  ids  preuiges.  I 
think  this  is  the  wav  the  .tslfoiiondc.il  coiiiinuidl\  wanteti  it  ii>  be.  rlun 
sii.iply  wouldn’t  trust  M.uirv  svitii  it,  ‘I  he\  knew  men  like  Panui  :..ui  Fenee 
.nul  D.i\  is.  i{ver\i*ne  'Jnnjghi  very  loglik  it  Davis,  and  one  *.t  ifie  ke\  things 
was  to  make  sure  tii.«t  Davis  couKl  do  dungs  his  wav,  because  he  v>..s  htlil  in 
iremriidtjM*.  lespeil  b)  the  asiruiioiidi.il  cotnmuiiiis.  liasicailv  he  was  ‘me  ot 
their  own.  He  w'as  part  ot  the  invisible  college. 

A.  N.  Adams  fioinn  r  Dircc tt>r.  .Si\  ituli  D.iiisit  Ctrvic  Divisitui  :  Y  »u  itaven'i 
iMvntjiined  iulliss.  wh»»  iiatl  a  lot  to  ilo  widi  die  e.ulv  astroi  iuiu..  ♦!  «  bs«ivi 


40 


ROTHENBERG:  OBSERVERS  AND  THEORETICIANS 


tions  in  the  country,  and  in  founding  the  Obseivatory.  It’s  funny  that  some- 
how  he  didn’t  get  to  be  the  first  Superintendent,  and  Maury  did.  Do  you 
know  anything  about  that? 

Rothenberg:  Gilliss  was  at  the  Observatory  prior  to  Maury  and  conics  back 
as  Superintendent  after  Maury.  I  think  the  Chilean  expedition  of  Gilliss  is  a 
fascinating  astronomical  expedition.  Steve  Dick  touches  a  bit  on  this  in  his 
article.  There  is  an  aspect  here  again  of  politics.  Maury  is  a  Southerner. 
There  is  a  tremendous  Southern  lobby  in  the  United  States  government 
during  these  periods.  Maury  gets  at  least  one  promotion  through  the  South¬ 
ern  lobby  when  he  is  under  attack  by  the  generally  Northeastern  scientific 
community.  In  a  gesture  of  deliance,  pressures  are  placed  on  the  Secretary  of 
the  Navy  to  make  sure  that  he  gets  his  promotion.  This  political  aspect 
overlies  a  lot  of  things  in  this  period  which  1  have  not  gone  into  in  detail.  But 
this  is  an  aspect. 


ROTHENBERG:  OBSERVERS  AND  THEORETICIANS 


NOTES 
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A/essnijeer.  8(1889).  199. 
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16.  E.g.,  Ferguson  to  Joseph  Henry,  April  30,  1867,  Offtciai  Incoming  Correspondence, 
Smithsonian  Institution  Archives;  Joseph  Henry  to  Gideon  Welles,  May  1,  1867,  Official 
Outgoing  Correspondence,  Smithsonian  Institution  Archives;  Joseph  Henry  to  Ferguson, 
May  1,  1867,  Private  Letterpress,  Henry  Papers,  Smithsonian  institution  Archives. 
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Century  America:  A  OiKurnentary  History  (New  York,  1964),  pj\  145  146. 

19.  An  example  of  the  latter  type  of  relationship  with  academia  was  William  C.  Bond 
^I7d9  18S9j,  director  of  Harvard  College  Observatory  from  1839  until  h;»  death.  Ai 
th^nigh  an  instrument  maker  .and  sell- taught  astronniner.  Bond  had  been  in  cotttuct  wxih 
the  scientific  faculty  ol  ttaivaid  since  1811.  Jones  and  Boyd.  Harx'artI  College  Ohsen^u 
tory,  pp.  28  30.40  no. 

20.  Dbsrrvaituy  Corrcspimdence.  Harvard  University  Archives.  The  Maury  Sparks  letter 
is  ij«<»tc.i  1.-V  {>etmissiisft  of  the  Harvard  Uaiveisiiy  Archives. 

21.  Ibi.i. 

22.  William  t’.  Ik^nJ  tti  Maury.  Hetsincd  i\>py,  .March  20.  1849.  Observartiry  C^n:rsp;  >•,- 
deuce,  Haivard  Univrtsuy  Art  hives. 
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H'ope,  60  (1980^*.  466  471. 
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ROTHENBERG:  OBSERVERS  AND  THEORETICIANS 


43 


27.  Rothcnberg,  "Educational  and  Intellectual  Background  of  American  Astronomers," 

pp.  81-86. 

28.  January  26,  1846,  Letter  Book  11,  pp.  76-77,  Letters  Sent,  N.O. 


29.  February  28,  1846,  Letter  Book  11,  pp.  89-91,  Letters  Sent,  N.O. 

30.  The  dissatisfaction  was  mutual.  Maury  attacked  Walker  for  wanting  to  select  kb  own 
research  topics  and  concentrating  on  computation  rather  than  observation.  Maury  to  Elias 
Loomb,  April  20,  1847,  Letter  Book  11,  pp.  243-244,  Letters  Sent,  N.O. 

31.  Mordccai  Yamall  recorded  hb  complaint  about  observations  "lying  useless"  in  a  let¬ 


ter  to  Charles  Henry  Davu,  December  16,  1859,  Letters  Received,  Nautical  Almanac 
Records,  Record  Group  78,  National  Archives. 

32.  The  progress  of  the  reduction  effort  can  be  traced  in  the  Gilliss-Gould  correspon¬ 


dence  from  the  fall  of  1861  to  the  fall  of  1862  in  Letter  Book  XIX,  Letters  Sent.  N.O. 


MATTHEW  FONTAINE  MAURY  &c  FIUENDS?^ 


Andreas  B.  Rechni^zer 
Naval  Oceanography  Division 
Office  of  the  Chief  of  Naval  Operations 

it  is  with  great  pleasure  tiiat  I  accepted  this  opportunity  to  relate  to  you, 
Ladies  and  Gentlemen,  some  of  the  highlights  in  the  life  of  the  Father  of 
Oceanography  and  the  relationships  that  appear  to  have  existed  between 
Maury  ajid  his  peers. 

Matthew  Fontaine  Maury  was  born  in  the  Spotsylvania  Wilderness  on  a 
cold  January  14,  1806.  At  the  age  of  19  he  was  aboard  the  navy  vessel 
Hriindywiite  as  a  fresh-caught  midshipman  to  hear  the  trumpet  call  and  the 
command  *‘all  hands  weigh  anchor,  ahoy.”  The  Ikatidywitw  set  course  tV>r  a 
one  year  cruise  to  the  Mediterranean.  Maury  was  thus  off  into  a  new  life. 

During  this  cruise  a  fellow  officer  reported  “ti'ai  without  assistance,  he 
went  through  a  cour.se  of  study  commencing  with  the  rudiments  of  Euclid 
and  extending  to  the  high<*r  mathematics  of  Laplace.”  Maury  also  started 
work  on  a  set  of  lunar  tables  at  this  time,  an  effort  he  relished, 

Returning  to  New  York  in  1830  from  a  cruise  aboard  the  l  iticetnic-  was 
a  happy  time  for  Mairy.  He  had  been  away  for  four  yeais,  and  had  been 
around  tlie  world,  j^robably  learning  more  about  it  and  his  fellow  nun  tin./, 
any  college  couid  have  taught  him  in  the  same  period.  He  had  also  lear’ic  l, 
in  widely  dilteiing  climates,  the  role  that  weather  plays  in  the  life  of  man 
and  the  supreme  importance  to  the  mariner  of  the  winds  and  current.s  of  the 
sea.  He  had  also  gained  a  knowledge  of  practical  seamanship  and  had  stuilied 
as  much  as  ins  limited  free  time  and  the  very  scanty  supply  of  books  on 
bt»;ird  permit teii. 

()n  tlctober  6,  1830.  Maury  rcpt^ried  to  the  school  maintained  for  the 
instruction  t)f  midshipman  at  the  New  York  Navy  Yard,  d  ins  school,  how¬ 
ever.  w.!s  not  well  organized,  disciplmeil,  or  staffed,  as  most  senior  officers 
in  the  I'nired  Slates  Navy  in  1830  placed  a  low  value  on  formal  nav.il  cduca- 
lion. 

*  Friim;  .\/efr/u  u*  Imtijitsc  Mjury:  Scietidit  of  the  Sciihy  f'rsnccs  l.o^h  Willujiu.  e.tpy- 
ripjn  1963  by  Kul^rcrs.  the  Siutc  Univcjsity.  Reprintcvl  by  prtnuision  (if  I'fuver- 
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At  the  schoo:  Maury  set  himself  to  study  in  earnest  for  the  examination 
for  promotion.  The  subjects  on  which  he  would  be  examined  were  Bow- 
ditch’s  Navigator y  Playfair’s  Euclid  (Books  1,  2,  3,  4  and  6),  .McClure’s 
Spherics,  Bourdon’s  AlgebrUy  mental  and  moral  philosophy,  Spanish  or 
French  (he  chose  Spanish),  and  seainanship. 

He  was  dissatisfied  with  the  teaching  at  the  New  York  Navy  Yard  School 
and  decided  he  could  do  better  by  studying  on  his  own. 

On  December  22,  at  his  request  he  was  detached  from  the  school  and 
granted  an  unlimited  leave. 

Maury  daily  put  in  long  hours  of  concentrated  work  on  the  course  of 
study  he  had  begun  aboard  ship  and,  at  this  time,  progressed  to  advanced 
study  in  the  works  of  the  French  astronomer  and  mathematician  Laplace. 
Scientific  rules  and  reasons  increasingly  occupied  his  mind. 

His  whole  time,  however,  was  not  devoted  to  books,  for  pretty  Ann  Hull 
Herndon  arrived  to  visit  in  Georgetown.  Maury  was  a  young  man  who  had 
little  trouble  deciding  what  he  liked  and,  once  he  was  clear  on  that  point,  he 
poured  out  his  devotion  in  unstinted  fashion.  This  was  his  pattern  in  work, 
and  It  proved  to  be  so  in  romance.  In  those  winter  days  of  1S31  Maury  went 
to  call  on  A\m  every  night  but  always  left  before  10  p.m..  when  a  watchman 
blew  a  horn  as  a  sigiKil  for  lights  to  be  put  out  in  Georgetown. 

Maury  was  ordered  to  appear  on  March  3,  1831,  before  the  examination 
board  then  in  session  in  Washington.  The  examiners  were  officers  who  had 
gone  to  sea  before  Fulton  launched  the  steamboat,  wluch  they  had,  at  the 
lime,  probably  joined  in  calling  his  folly.  1  hey  were  oldlinc  captains  con¬ 
cerned  with  the  practical  navigation  of  a  sailing  vessel. 

When  Maury  “was  questioned  as  to  the  lumu  problem”,  instead  of  re¬ 
peating  the  liowditch  formulas,  after  immemorial  custom,  he  had  the  audac¬ 
ity  to  step  to  the  blackboard  and  work  out  the  question  as  a  problem  in 
spherical  trigonometry.  The  professor  of  mathematics  conducting  the  exami¬ 
nation  got  lost  in  trying  to  follow  him,  and  brazenly  declared  the  demonstra- 
timi  wn>ng.  ‘I'he  midshipman  insisted  and  the  officers  of  the  examining 
board,  knowing  still  le.s.s  than  the  schoolmaster,  decided  alter  an  embarrassed 
consultation  tt»  support  the  latter  on  general  principles.  Acctrrdingly  they 
hurked  as  wise  as  possible,  informed  the  midshipman  that  he  was  all  wrrnig 
and  bade  him  go  to  sea  again  and  learn  his  business  Under  tliis  decision 
M.itthew  Fontaine  Maury  lost  two  years  in  promotion. 

Maury’s  fooliiardy  display  ot  knowledge  may  h.ivv  satisfied  his  ytmth- 
•’!  p'iile.  but  ir  pl.seevi  him  K>w  on  the  list  and  was  to  make  his  next  pr'^nm 
lion  two  years  later  than  was  necessary.  M.iury  j)assed  the  e\  iium.iiion  nut 
vv.is  raicil  27th  in  .i  class  i>l  3*)  wiien  he  <,«*uid  li.ive  bee  i  .u  the  li)p.  I  he  udd 
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shipman  whom  he  had  drilled  passed  with  a  high  rating.  Perhaps  his  low 
placement  on  the  list  taught  him  the  folly  of  showing  off  his  knowledge,  for 
there  is  no  record  of  any  later  similar  episode  in  his  naval  career. 

Once  Maury  had  passed  the  examination  he  was  free  to  pursue  his  own 
plans  until  he  received  orders  to  report  for  active  duty. 

His  next  duty  assignment  was  to  the  Falmouth.  On  the  Vahnoiith  he  had 
a  tiny  stateroom  to  himself,  just  slightly  larger  than  his  bunk,  but  it  gave  him 
a  place  to  write.  In  this  little  cubbyhole  he  sorted  his  notes  and  wrote  his 
first  scientific  paper,  “On  the  Navigation  of  Cape  Horn.” 

When  Maury  finished  this  article,  written  in  any  snatclies  of  free  time  he 
had  on  the  ralrnontli,  he  mailed  it  to  the  outstanding  scientific  publication 
of  the  United  States  at  that  time,  the  American  Jonquil  of  Science  and  Art>, 
where  it  was  published  in  1834. 

Maury  wrote  to  his  brother  at  this  time  and  said  “I  should  leave  Uncle 
Sam  and  his  Navy  if  I  had  any  other  means  of  making  my  way.  decently 
through  the  world.  My  pay  now  is  nearly  $700  and  in  two  or  three  years 
more  will  be  $960.  At  a  moderate  calculation,  I  will  not  be  a  captain,  things 
continuing  the  same,  for  25  years.” 

On  May  27.  1834,  Maury  received  a  leave  of  absence.  He  had  been  at  sea 
for  9  years,  and  far  from  home.  In  July  he  married  Ann  Hcindon  at  Laurel 
Hill,  about  12  miles  southwest  of  Fredericksburg. 

On  April  30,  1835,  he  completed  his  textbook  on  navigation.  A  full  year 
later  it  was  published. 

Because  of  his  long  standing  concern  about  funds  and  promotion  Maury 
confided  in  a  letter  to  his  brother  that  he  planned  to  use  the  publicant)u  as 
justification  for  deep  selection  and  promotion  well  ahead  of  ins  peers  it  his 
proposal  was  accepted  he  also  anticipated  a  substantial  amount  of  back-pay. 
In  the  hope  of  carrying  out  his  promotion  plan,  Maury  took  his  case  to  the 
.Secretary  of  the  Navy  and  the  President,  Andrew  Jackson.  He  saw  the  Presi¬ 
dent  personally.  He  concurred  in  the  proposal,  but  the  Secretary  of  the  Navy 
turned  him  down,  despite  the  fact  his  book  largely  replaced  Bowditch's  work 
as  the  Navy  standard. 

After  eight  years  of  discussion.  Congress  authorized  the  Navy  to  send  .in 
e.xpedicion  to  explore  and  survey  “'rhe  South  Sea.”Ca}Urin  'Phomas  Catesby 
Jones  was  selected  to  command.  Maury  was  chosen  by  Jones  to  serve  as 
acting  astronomer  to  the  expedition.  Happiness  was  sliort-lived  as  this  pt>si 
thrust  hmi  right  intt)  the  midille  of  a  conflict  bctwee!i  (.'omnnxlure  Jor.es 
and  Lt.  Charles  Wilkes.  Wilkes,  an  officer  (d  marked  scientific  .ibihty.  h.id 
I'.een  sent  to  Hurope  tt>  buy  chronometers  and  other  siieiuifii  instruments 
toi  the  expedition.  Wilkes  showed  his  animosity  tor  Jcuies,  not  M.iiity.  In 
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passive  resistance  to  Jones’  request  that  the  equipment  be  passed  to  Maury. 
The  wrangle  over  the  instruments  was  just  the  tip  of  the  iceberg  of  troubles 
that  would  beset  the  start  of  the  expedition.  The  experience  'indoubtedly 
prepared  Maury  for  handling  personal  vendettas  and  expressions  of  jealousy 
among  professionals  wherein  he  would  be  directly  involved. 

On  his  way  to  report  to  the  Consort  Maury  was  involved  in  a  stagecoach 
overturn  in  Ohio  that  flipped  him  through  the  air  from  his  perch  aboard  the 
overloaded  coach.  A  small  town  practitioner  correctly  diagnosed  the  injury, 
but  botched  up  the  repair.  This  left  Maury  crippled  and  no  longer  able  to 
perform  as  a  sca>going  officer.  The  dry-docked  Maury  had  spent  15  years  in 
the  Navy  and  did  not  wish  to  be  cashiered  out.  Fortuitously  in  February 
1842  he  was  alerted  that  the  Bureau  of  Hydrography  was  to  be  established 
and  that  it  could  be  headed  by  a  civilian  or  officer.  When  Maury  learned  that 
a  civilian  was  ear-marked  for  the  post  he  could  not  tolerate  the  idea.  He 
pulled  strings  (they  said  wires  in  those  days)  and  reported  for  duty  as  the 
Superintendent  of  the  Depot  of  Charts  and  Instruments.  This  meant  that  he 
now  was  in  a  position  to  satisfy  a  life-long  dream  to  pursue  professional  and 
scientific  opportunities.  At  last  the  long  waiting  was  over  and  the  curtain  was 
about  to  go  up  on  the  main  drama  of  Matthew  Fontaine  Maury’s  life. 

The  new  man  on  the  block  was  soon  to  encounter  two  additional  new¬ 
comers  to  Washington.  Alexander  Dallas  Bache,  the  great  grandson  of  Ben¬ 
jamin  Franklin,  and  Professor  Joseph  Henry  were  to  become  his  nemeses. 
Bachc  would  lead  the  Coast  Survey  and  Henry  would  become  the  Secret.»ry 
of  the  Smithsonian  Institution.  It  wasn’t  enough  that  the  three  would  be¬ 
come  competitors  lor  jurisdiction  over  applied  science  hinctions  being 
advanced  by  the  bureaucracy,  but  the  holier-than-thou  attitude  ol  college 
professors  at  the  time  attempted  by  innuendo  to  place  Maury  in  the  category 
ol  “a  charlatan  that  should  be  denied  recognition.”  Let’s  see  lu»w  this 
allected  Maury. 

Bathe  had  earlier  written  high  praise  about  Maury’s  scieiitilic  abilities 
ami  his  te.xtbook  on  navigation.  When  Bachc  reacheil  Washington  in  1843 
Maury  e.\ tended  every  prolessional  courtesy  and  the  two  men  were  seem¬ 
ingly  Iriemily.  However.  Bache  had  wanteil  Lt.  Ciililss  to  be  luaiie  Super- 
inteiulent  ol  the  Nav.ii  t'ibservacory :  Bache  and  friends  never  tlumgeii  liieir 
opinion  that  Maur\  should  not  have  been  given  tiie  aj>p(5intmcnt.  Bache  was 
alstr  annoyed  that  Maury  w.is  studying,  speaking  and  wiiiing  about  the  (iult 
Sueam.  The  gre.it-grandson  ol  Franklin  regarded  this  as  .i  siddect  th.it  be¬ 
longed  to  his  l.imily.  alim.si  by  hcreilitary  right,  bec.iu.se  of  “I  loiust  Ben’s” 
original  investigation  of  the  current. 

A  doiumatmg  eharattei i.siic  ol  ii.iciie  was  his  desire  to  win  men  to  .i 
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personal  allegiance  to  himself.  Bachc  soon  realized  that  Maury  was  not  a  man 
who  would  subject  himself  to  his  personal  magnetism  nor  have  time  for  gath¬ 
ering  weekly  with  other  men  to  wine,  dine  and  talk. 

Bache’s  ambitions,  jealousies,  and  especially  his  fear  that  Maury’s  rising 
fame  as  a  liydrographer  might  yet  cause  the  Coast  Survey  to  be  placed  under 
the  Navy  arc  understandable  grounds  for  his  enmity  of  the  Superintendent 
of  tlie  Naval  Observatory  and  Hydrographical  Office.  It  is  difficult  to  see 
liow  a  man  of  Bache’s  intellect  could  have  justified  the  inconsistency  of  his 
thinking  in  insisting  that  the  only  w'orthy  scientists  were  those  dedicated  in 
utter  purity  to  “principia”  anc!  “thcoria”,  when  virtually  his  whole  work 
from  1843  until  his  death  was  in  applied  or  practical  science -charting  the 
coasts,  supeivising  weight  and  mcuisures,  and  serving  on  the  lighthouse  board. 
Similarly,  josepli  Henry,  once  he  took  the  Secretaryship  of  the  Smithsonian 
Institution,  did  much  to  encourage  others  to  pursue  pure  research  while  he 
personally  worked  on  practical  research  projects. 

Recognition  ot  Maury’s  contributions  came  mostly  from  appreciative 
European.s,  wlio  were  undoubtedly  shielded  by  an  ocean  from  the  attitudes 
and  prejudices  described  above.  In  contrast,  he  was  so  honored  by  must  ut 
the  learned  scK’ieties  ol  Europe  that  he  soon  carried  a  chest  full  of  medals, 
'fliis  is  not  to  imply  that  he  was  ignored  by  the  United  States.  Maury  was 
awarded  a  recognition  from  the  ac.'ulcmic  world  that  gav.*  him  a  sense  of 
support  -  an  honorary  LED  from  Columbian  College  (now  George  Washing- 
tion  University).  This  coujded  with  the  LLI)  he  had  received  from  the 
University  ot  North  Carolina  strengthened  liis  hand. 

The  me.s.sage  is  clear -whenever  a  man  accomplishes  w'ork  .st>  obviously 
meritorious  that  he  is  acclaimed  by  botli  the  general  public  and  his  profes¬ 
sional  colleagues,  there  are  .dvvays  some  associates  who  tor  their  own  reasons 
Ml'  critical.  In  Maury’s  case,  they  also  included  old  sea  dogs,  his  ielhAv  oHl- 
cers.  w'lio  disapprtw'ed  ot  having  scieniitic  methods  introduced  to  the  Navv. 
Some  ofiieers  rcsenteil  Maury's  being  kept  on  duty  at  the  Nav.il  Obsen.itoi  v 
and  I  lyilrographic.d  Otticc  while  they  had  to  go  to  sea  .nid  leave  their  tann 
lies  tor  long  stretches  ot  time.  A  hamltul  t)t  otticers  disliked  him  per.onaily 
and  begrudged  his  t.imc.  A  ircncijant  example  ot  tlieir  application  of  Muie  is 
lellccted  in  an  olfici.tl  connnunivation  to  Maury  on  September  I*>.  IJvSS.  A 
letter  trom  the  .Secretary  ot  the  Navy  James  (!.  Dobbin ,  st.iimg; 


rlie  l><».uil  td  N.ival  Otliccrs  assembled  uiuler  the  .ul  to  pr*  luoie 
tlie  ethuiency  ot  the  N.ivy,  li.iving  reported  vm!  .jm  one  ot  tiu*  ofiueis 
w!u‘  in  their  jiulgmeiit  should  be  pl.ucd  on  the  lestrved  list  .nui 
{indiugs  of  the  i)»)a' J  h.iviug  been  approvvil  b\  the  Fiesideat.  it  be 
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comes  my  duty  to  inform  you  that  from  this  date  you  are  removed 
from  the  active  service  list. 

You  are,  however,  not  detached  from  the  Naval  Observatory.  I 
avail  myself  of  the  authority  of  ine  law  to  direct  that  you  continue 
on  your  present  duty. 

if  the  development  had  not  been  so  serious,  Maury  could  have  appreci¬ 
ated  the  irony.  The  reorganization  for  which  ht  had  personally  worked  i»ad 
eliminated  him,  one  of  its  mentors.  He  could  hardly  believe  it. 

Next  day  Maury  wrote  Secretary  Dobbin.  Secretary  Dobbin  replied  that 
the  late  Navy  Board  had  reported  no  reasons  for  the  decision  or.  Maury  and 
therefore  the  department  could  not  grant  Maury’s  request  to  be  informed 
;is  to  what  accusations  were  made  or  who  made  them.  Further,  Maury 
learned  that  there  was  no  records  kept  of  their  screening  deliberations. 

The  arbitrary  and  capricious  action  ot  the  1855  Navy  Retiring  Board 
resulted  in  a  flood  of  officer  appeals.  Two  and  one-third  years  later  Maury 
was  vindicated  and  appointed  Commander,  ;ls  of  15  September  1855.  The 
backpay  was  more  welcome  than  the  belated  promotion  but  hardly  worth 
the  agony.  The  battle  had  taken  a  heavy  toll  out  of  Maury’s  spirit  and  crea¬ 
tive  energy.  It  had  been  a  shock  to  him  to  learn  the  lengths  to  which  person¬ 
al  dislike  or  persona!  ambition  could  drive  tellow  officers.  Even  Senator 
Mallory,  author  of  the  bill  to  establish  the  Navy  Retiring  Boani.  turned  from 
being  a  staunch  advocate  of  Maury  to  an  enemy.  I'wt)  other  .senators  who 
had  sat  on  the  bo.ird  al.st>  were  men  not  apt  to  change  their  attitudes  tor 
having  lost  .i  b.ittle. 

When  Maury  had  first  taken  charge  of  the  Depot  ot  (ihaits  and  In.vtru- 
uiciits  in  18-12,  he  had  siartetl  his  metet)rological  work  on  a  sin. ill  scale. 
When  consulted  in  1851  by  the  .Secrerary  of  tin-  Navy  concernmg  l^rit.iin’s 
piojHK.ll  f.ir  ,4  joint  .iciiou  on  land  meieurology,  M.iur\  h.id  res. oimueiuled 
that  .in  imemation.d  conference  should  be  held  m  cou.sider  a  univers.d  sys 
teiu  of  obseivatious  for  both  laud  ami  se...  When  Jicseph  Henf\  le.'.riu\l  of 
ihi>  from  r\!.uii\  he  purpoitedly  became  ..iarir.eil.  Heniv  s  csdioii  !Vn.he 
.ippe.ued  Ui  the  act  lt>  paopiJse  th.it  iliere  be  a  division  ,>l  jiujction.d  leiqvm  i 
bibties  in  :nele'>rob)gv  that  would  limit  M.uu  v's  .irea  of  uifliieiKe.  I  he  ait  as 
were  to  be  as  folioWM  i  D  the  lakes  ilie  west,  \2'  tlie  .Snurhstuu.in  ih  • 

e.ist.  [}}  tlie  Ikiiish  (ioverniuenf  the  uorib,  i  t]  the  Observators  ti  e  sea.  {^) 
tin*  returns  of  .dl  given  to  the  .Sn.'lhsouiau. 

Wii.itevei  ii(ipe%  «;r  illuNloiis  M.iurv  may  h.'Ve  iuirbored  i  <>!uei  nm  ;  b  sej'h 
!  !eiu\  s  and  likelv  lia^  lie's  allitudi  isiw.ird  lum  were  .*l  .in  end  v.juii  llenis 
jmblj.lv  .mnouiiced  that  lie  C‘.»nMileiesl  M.isu  \  ueitluu  .i  sv!en;i.:.  ii.»r  i..p.d>!.’ 
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of  devising  a  meteorological  plan  for  the  land.  Henry  and  Bache  even  stated 
that  there  should  be  established  a  “high  tribunal”  of  men  dedicated  to  pure 
science  to  sit  in  judgement  on  their  fellow  scientists,  or  “pretenders”  to 
knowledge  as  Bache  considered  most  of  the  American  scientists  such  as 
Maury  who  were  outside  the  coterie  of  which  he  and  Henry  were  leaders. 

The  Civil  War,  in  a  way,  brought  relief  to  Maury  from  his  Washington 
tormentors.  He  returned  to  Virginia  and  the  Confederate  cause. 

Maury  wrote  iiis  own  resignation  and  dispatched  it  to  President  Lincoln. 
Then  dressed  in  a  black  broadcloth  civilian  suit  Maury  walked  out  of  the 
United  States  Naval  Observatory  and  Hydrographical  Office,  on  20  April 
1861.  Hi.s  hciirt  was  bursting  with  emotion  and  he  made  no  effort  to  hide  the 
tears  that  ilov/';d  down  his  checks.  On  the  Virginia  banks  of  the  Potomac  not 
far  from  wi  ere  he  had  gone  aboard  the  lirunjywinc  in  1825,  Maury  turned 
^^or  one  long  lasi  look  at  Washington.  What  was  past  was  no  prologue  tor 
hint-it  liad  been  I’fc  itself  -work  attempted,  work  achieved-'thc  power  and 
the  glory~the  hate  and  the  spleen-hurt  and  disappointments-but  always 
the  opportunity  to  pi  ess  on  to  further  knowledge. 
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REMARKS  ON  THE  TRANSIT  OF  VENUS  EXPEDITION  OF  1874^ 


P.  M.  Janiczek 
U.  S,  Naval  Observatory 

Let  us  at  once  dispel  any  notion  that  1  am  qualified  to  speak  to  you  as  an 
historian.  1  am  not.  It  happened,  however,  that  my  attention  was  drawn  a 
few  years  ago  to  a  long  neglected  document,  and  my  curiosity  as  to  die  cir¬ 
cumstances  of  its  creation  and  subsequent  fate  led  me  deeper  into  our  sub¬ 
ject.  The  document  itself  was  a  carctully  detailed  report,  the  only  copy 
known  to  exist,  part  of  a  larger  work,^  for  which  the  scientific  community 
waited  in  vain  until  the  work  had  lost  all  impact  and  importance. 

To  appreciate  the  significance  of  the  subject,  to  put  it  into  perspective, 
it  is  necessary  to  consider  some  of  the  history  of  the  Venus  transits,  attempts 
to  observe  them,  and  the  ends  to  be  attained. 

Jn  all  history  humans  recorded  only  six  transits  of  Venus  across  the  face 
of  the  Sun.  What  follows  may  give  some  credence  to  the  idea  that  whenever 
astronomers  re.ach  a  fever  pitch  of  anxiety  in  attemptin»i^  to  extend  the  accu¬ 
racy  or  quantitative  knowledge  of  some  fundamental  constant.  Nature  and 
man-made  circumstances  appear  to  combine  to  frustrate  the  effort  in  direct 
proportion  to  the  scientific  energy  expended.  Part  of  this  may  he  understood 
by  imagining,  with  the  aid  of  recent  pictures  from  space,  tiiat  one  has  a  van¬ 
tage  point  from  which  the  Earth  can  be  watcJied.  Two  things  would  be  noted 
at  once:  our.s  is  a  heuitiful  blue  planet,  and  it  is  cloudy  most  of  tlie  rime. 
Astronomens  have  known  this  for  a  long  time.  They  have  often  tried  to  in¬ 
crease  the  chances  for  success  by  seeking  out  numerous  and  remote  places 
noted  for  clear  skies.  Nevertheless,  infrequent  and  transient  astrimoniiail 
events  continue  to  elude  observation  on  account  of  weather.  The  frustrations 
ot  human  manufacture  will  be  evident  a.s  wc  proceed, 

'rhe  first  transit  of  Venus  that  could  be  observed  with  a  telescope  was 
that  of  1631.  It  was  night  in  Europe.  By  1639  when  the  second  transit  of 
the  eight-year  pair  was  to  occur,  there  was  at  least  an  i.ssuc  to  be  decided. 
There  were  a  set  ot  planetary  tables  by  Philip  Lansberg  which  predicted  a 
transit  for  December  3,  1639.  In  contrast,  Johannes  Kepler  had  declared 
that  after  the  transit  of  1631,  there  would  be  no  other  until  1761.  'flic 
works  t>f  both  men  were  known  to  Jcrciniali  Horrrjx,  a  young  Englisliiuan, 
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He  detcrininecl  that,  although  Kepler's  predictions  were  in  general  more  ac¬ 
curate  than  Lansberg’s,  the  possibility  of  a  transit  was  worth  serious  consid¬ 
eration  and  modest  investment  of  time.  Horrox  tried  to  refine  Lansberg’s 
predictions,  making  his  own  observations  and  adjusting  the  tables  according¬ 
ly,  a  pioccss  not  unlike  that  used  today,  but  without  benefit  of  the  calculus 
or  a  viable  theory  of  errors.  Horrox  could  not.  however,  disentangle  the  actu¬ 
al  precepts  of  Lansberg’s  tables  from  the  all-pervasive  "pretensions  to  uni¬ 
versal  accuracy”  aud  self  praise  which  “overloaded"  the  work.  He  .ibandoned 
that  process,  deciding  in  favor  of  several  days  observations  bracketing  bi)th 
the  time  predicted  tor  the  transit  (Dec.  3,  Lansberg)  and  the  close  coiijimc- 
tion  (I)cc.  4,  Kepler).  Horrox  watched  the  Sun  throughout  the  third,  but  no 
transit  occurred. 

December  4  arrived,  as  did  the  transit.  Horrox  was  at  church  waeti  most 
of  it  wa-s  visible.  He  was  called  by  some  Liter  writers  the  father  of  English 
astronomy;  but  being  an  astronomer,  he  nevertlieless  had  to  earn  a  living  by 
other  means,  much  the  same  as  the  general  situation  today.  Horrox  was. 
therefore,  a  curate  and  bound  by  obligations  of  that  office.  He  hurried  to 
his  lodgings  afterward,  arriving  at  about  3:I.S.  and  finding  V'enus  upon  the 
Sun.  He  observed  what  he  co.dd  of  the  transit.  l)UI  m  his  locale,  ifi  ilntt  p.n  t 
t>f  the  year,  the  Sun  sets  before  liuir  t)’t.lock.  .Since  he  tould  not  stc  dnrd 
and  ft>urth  contacts,  he  cvmhi  not  obtain  a  measiircment  having  aiiv  ipiau 
lii.ilivc  si.ilenient.  But  he  had  done  much.  He  had  tried  more,  by  tailing  the 
ctJining  event  to  the  aiteiilion  of  a  number  tit  people.  As  far  as  we  kfu>w, 
lniWcver,  he  .iiul  perhap:.  one  of  iliose  with  vvhou:  he  coinimmuateil  were 
llie  t>nlv  vvnntvses;  .md  lit>rit)X  had  almost  missed  it  b)  being  elsewluic. ' 

Aroinui  1701),  transits  of  Venus  began  n>  take  on  adileil  importance.  It 
was  suggested  that,  if  obseivcd  at  }»oims  near  the  limits  of  visibijitv  t*«i  the 
Lartli.  they  might  yield  an  accurate  value  for  a  fimJanicni.u  tpuunity  of 
astromuny,  the  p.irallav  4)f  the  Sun.  nr  the  mean  Earth  Suii  tii^taiuc.  ('<mi 
siderable  emimsiasni  greeletl  the  next  itansit  pair  whuch  octurreti  iii  iTt)! 
and  1769.  In  1761,  the  IVcnch  astronomer  Lclieniil  was  near  Madras  tt)r  the 
event;  but  tni  the  day  beft*rc  the  transit,  lie  was  kcp.  from  getting  asiiore  bj 
an  Engiisii  man  of  war  ami  he  missed  iie  spectacle.  I  he  later  Astronomer 
Royal,  Nevii  Maskciync.  did  libservc  it  fri*m  St.  Helena,  aii.i  liita'l.-s  Masi>n 
and  Jeremiah  Dixon  were  sent  out  by  the  Ro\  ..I  StKiciy  in  l.»»!uioa  fo:  tin 
same  purpo^e.  Ihc  latter  pair,  however,  soon  .tficr  getting  umieiw.iy,  ran 
into  a  I'rencij  Irig.ttc.  vvhicii  encounter  left  H  Eiiglisli  sailors  iie.u!  and 
woamieii.  rit.tt  w.o  tiiti  luucij  lor  Mason  .«ud  Dixon,  aiui  tin  v  iJen  i njuirvi  to 
i  .dl  .u»  eiui  ttie  advriituie.  I  he  Royal  Society  consuined  tlie  p  -oii  K  erp 
b.ii.issinent  to  the  lounliv  .it  laige  .»!ui  to  liie  .Socieiv  m  p.niUnhn.  .*n,l  .  ,  in 


‘  *.*  •.**•%*  •«*  •.*  •W*'*.'  • 


JANICZEK:  TRANSIT  OF  VENUS 


55 


niunicatcd  their  concern  to  ihc  frightened  pair  in  strong  terms.  They  accjuics- 
cd  and  went  off  to  observe  the  transit. 

By  1769  we  find  LcGcntil  still  in  India,  where  he  had  in  the  interim 
founded  a  successful  business  in  order  to  support  himself.  The  day  of  the 
transit  found  him  happily  setting  up  his  instruments,  ready  to  observe  in 
the  most  beautiful  weather  available  anywhere  in  the  world,  and  in  particular 
during  a  season  of  clear,  cloudless  weather  there.  Just  before  the  transit, 
clouds  formed:  it  rained  and  continued  raining  until  the  transit  was  over, 
whereupon  the  rain  ceased  and  the  skies  cleared.  Meanwhile,  Captain  James 
Cook  enjoyed  the  opposite  fortune  in  Tahiti,  where  he  had  established  two 
observing  posts  for  the  event.  Observations  were  also  made  in  American 
colonics  by  its  amateur  scientists.  Their  reports  were  as  good  as  (or  no  worse 
than)  those  made  by  profc.ssional  astroitomcrs  enjoying  official  patronage.'* 

The  t|uestion  of  the  Sun’s  distance  was  not  settled  by  the  18th  century 
transits,  and  the  solar  parallax  still  awaited  a  good  detcriniiiation  when  in 
1874  liumeroiis  coumric.s  sent  out  cx|H:ditioiis  to  remote  parts  of  the  Earth 
to  observe  the  first  of  the  19th  century  pair.  Deiails  of  the  general  prepara¬ 
tions  made  by  the  United  Stares  arc  treaietl  elsewhere.^  It  is  important  to 
note  that  plans  were  made  at  the  last  miiuile  and  that  the  U.  S.  effort  differ 
ed  in  aiunher  important  respect  from  others  in  the  sense  that  emphasis  was 
to  be  placed  t.>n  phottigraphic  observations.  This  must  have  been  considered 
by  many  to  be  foolhardy;  phoiugrapliv  had  not  yet  been  accepted  ft>r  any 
serious  scientific  purpose.  The  idea  was  nevertheless  adopted  by  the  C.omini^- 
sion  on  the  ‘rran.%il  of  Venus,  which  drew  to  itself  some  of  the  briglueii 
miiuis  of  liie  age:  Joscpli  Henry,  Uenjaimn  Peirce,  Simon  Ncwciunb,  William 
Harkuess,  (ict>rgc  W-illiaiii  Hill,  Asaph  Hall,  Henry  Draper  and  innumerable 
titiiers,  including  scicniificali)  minded  Su|K*rin[endeitts  of  the  Naval  Observa 
torv. 

I'iie  plans  uf  all  natiiuial  expeditions  had  at  lea;.l  one  conution  te.ituie. 
Detailed,  reports  were  tn  Ivc  m.uie  not  lady  ^.osKerning  the  nunuie.si  details 
of  the  observaiujiis  but  any  i>t!icr  sticiuific  knowledge  obtuuuble  as  well, 
‘ihc  reports  w‘ere  evcniuali)  published  b\  the  various  ctmatries  wliuli  fool 
part.  In  some  instaiues,  these  ran  scveial  volumes  w*h\)\e  toji\idcr..blc  I'aik 
Is  imj'resstve.  ‘Die  Uniteil  .Stales  was  to  publish  its  ^.omplrtc  repor*  m  duce 
ot  tom  v»»lunie'..  Volume  I  has  ai.tuaiU  been  pruue«.i.  but  tt  iot-.tains  -uiK  .i 
summafN . 

At  this  pi>mi.  I  Would  like  to  engage  m  a  kind  tit  travel  >gue  u:  vvhii..h 
lehaiue  Will  be  plated  *on  tiic  unpubllsiicd  letoiUs  o!  ilie  l’ra?:ut  i*l  Vc  s.u*. 

(  oiiiuilsMon  .liui  «>n  plu»to;;raphs  prosuied  bs  dcsi ciivi,mf %  of  -.ouf  i  f  tiu* 
pi isu  ipals  ’ 
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The  nurthernmost  site  occupied  by  the  United  States  expedition  was  at 
Vladivostok,  Russia.  Figure  1  shows  some  of  the  observing  party.  In  Figure 
2  we  see  the  town  itself.  With  a  little  effort,  one  can  make  out  the  equator¬ 
ial  house  and  the  arrangement  of  the  photograph  sheds,  to  be  seen  more 
clearly  in  later  photographs.  The  ship  in  the  background  is  probably  the 
U.  S.  S.  which  delivered  the  party. 

Figure  3,  from  Nagasaki,  gives  more  detail  concerning  the  photographic 
appratus.  The  instrument  was  designed  as  a  reflecting  telescope  of  some  40- 
fect  focal  length,  the  focus  being  at  a  photographic  plate  holder  inside  the 
shed.  Photographs,  when  taken,  were  immediately  carried  into  an  adjoining 
room  of  the  shed  for  developing.  The  barrels  seen  in  the  figure  contained 
water  for  the  photochemicals.  Figure  4  shows  the  heliostat  part  ol  the 
photographic  telescope,  'fhe  mirror  is  in  place,  and  is  nothing  more  than 
two  clear  glass  plates  set  at  an  angle,  so  as  to  reduce  the  amount  ot  sunlight 
and  to  eliminate  multiple  reflections.  What  at  first  appears  to  be  a  pile  of 
trash  in  Figure  5,  is  on  closer  inspection  an  exhibit  of  the  appliances  used  to 
support  the  developing  and  fixing  of  the  photographic  plates.  There  al>o  can 
l>e  seen  the  photographic  lnm.se  and,  to  the  right,  the  iron  gas  pipe  used  to 
measure  the  local  length  of  the  heliostat.  The  familiar  instrument  in  Figure 
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Fig.  6.  Clark  refractor  at  Nagasaki. 


Fig.  7.  Stackpole  “broken”  transit  instrument. 


0  is  a  five-inch  Clark  refractor,  ctjuatorially  inountcH.  The  United  States' 
party  did  not  neglect  visual  timings  of  the  event,  despite  the  emphasis  on 
photography,  and  the  five-inch  telescopes  were  the  official  instruments  for 
that  purpose. 

Much  of  the  value  of  any  observations  depended  upon  accurate  know¬ 
ledge  of  tile  site  location.  Since  the  geographic  coordinates  of  remote  loca¬ 
tions  were  known  crudely  at  best,  it  was  an  integral  part  of  the  mission  to 
determine  coordinates  by  celestial  observations.  For  that  purpost*,  c:;c!i  party 
was  ecjuipped  with  the  retjuired  instruments;  a  clock  and  a  “broken''  transit 
(telescope).  The  latter  is  shown  in  Figure  7.  It  appears  to  iiave  been  .i  hand¬ 
some  instvumeni.  'i'he  observers  were  rather  unhappy  with  the  perlormance 
of  the  ir.insit  and  nunc  oi  the  instruments  are  known  t(^  have  survived  their 
original  form  to  the  present.*  Some  observers  took  along  more  reliable  in 
stvumetus  which  they  i>btaincd  at  ilicir  own  initiative.  '1  lie  Nagasaki  party 
did  not  neglect  the  beauty  of  the  country,  and  F’igurc  8  is  a  view  of  the  har¬ 
bor  ;»rea.  An  interesting  detail  in  the  photograph  is  a  ielc\,raph  pole.  Ueorge 
n.ividson.  in  charge  of  the  jMvty.  was  a  strong  proptnieiit  id  the  telegraphic 
deterniin.ilion  of  longitude,  and  he  engaged  this  method  while  at  Nagas.iki. 


‘Note  ia  1983:  Two  of  ilic  broken  liansit  instruments  have  now  b  n  iound  -.nJ 

arc  in  the  historical  instrument  collection  of  ti^e  Naval  Observatory. 
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The  liistory  o.  efforts  to  fix  longitude  telegraphically  is  incompletely  known 
and  deserves  comprehensive  study. 

Wc  stop  briefly  at  the  capital  city  Peking,  where  lames  C.  Watson  and  his 
party  worked.  Figure  9  is  one  of  the  few  graphic  mementos  of  their  visit. 
Perhaps  the  taking  of  informal  photographs  was  frowned  upon.  On  the  day 
of  the  transit,  when  a  spot  appeared  upon  the  Sun,  a  mark  appeared  upon 
the  face  of  the  Chinese  Emperor.  This  last  mark  was  symptomatic  of  some¬ 
thing  quite  seriously  wrong  with  the  Emperor’s  health.  Although  a  youth,  he 
lacked  sufficient  vigor  to  cope  with  the  illness  and  he  succumbed.  There  was 
enougli  superstition  among  the  people  to  associate  the  two  events.  Moreover, 
power  was  taken  by  the  Regent.  As  the  Americans  viewed  both  develop¬ 
ments,  hasty  withdrawal  seemed  their  prudent  alternative.  In  tills  they  were 
assisted  by  the  French  party,  which  remained  in  Peking  and  suffered  no  ill 
consequences. 

The  three  stations  mentioned  were  the  extent  of  the  United  States’  com¬ 
mitment  in  the  Northern  Hemisphere.  Five  groups  were  sent  to  the  Southern 
Hemisphere.  The  remaining  photographs  which  I  have  obtained  have  come 
from  (unofficial)  efforts  of  the  photographers  assigned  to  the  southern  par¬ 
ties.  Many  of  the  photogiaphs  were  to  make  public  appearances  as  stereop- 
ticon  slides,  reproduced  and  offered  for  sale  by  the  same  photographers. 
Irvin  Stanley  was  at  Kerguelen  Island  in  the  South  Indian  Ocean.  He  and 
W.  H.  Rau,  who  was  at  Chatham  Island,  exchanged  copies  of  their  wtirk. 
nuring  the  18th  century  ,  it  was  usual  for  voyages  of  exploration  to  have 
iirtists  and  naturalists  among  the  ships’  complement.  Sketches,  drawings  and 
paintings  returned  with  the  adventurers  and  enhanced  their  repoits.  Similar 
opportunities  were  lost  in  1874  when  most  expeditions  were  ill-equipped  tor 
photography. 

Figure  10  (like  most  of  the  remaining  slides)  was  copied  from  a  stereop- 
ticon  slide  having  a  sepia-like  tone.  It  is  a  scene  Iroin  Kerguelen  Island.  It 
looks  grim,  foreboding,  barren,  and  according  to  first  hand  accounts,  satis¬ 
fied  those  qualities  in  fact.  Figure  11  is  the  transit  party  camp.  A  more  typi¬ 
cal  scone  is  that  in  Figure  12.  The  place  was  described  by  Captaifi  (\>ok  as  a 
land  of  desolation.  It  became  more  so  after  Cook  left  it.  for  his  iua[is  uese 
used  by  others  who  later  decimated  the  wildlife.  Among  such  ctmimeicial 
adventurers  wore  whalers,  who  supplemented  their  diets  by  the  c.ibb.tge 
shown  in  l-igme  13.  'I’liis  is  an  interesting  plant,  for  it  is  wind  pollinated.  It 
had  to  be  thus,  since  there  were  no  winged  insects  on  the  island. 

Cdia.tham  Island  was  at  least  inhabited.  Figun'  14.  taken  ihere.  w.is  ann<' 
tated  “\\ .lurekauri.  14  miles  from  camp”  by  Rau.  in  f'igure  iS.  bill  l.eniunt. 
a  whaler  shipwrecked  in  1842,  is  shown  with  his  Mav)ri  wile,  (.‘oiu l ivably . 


jANlCZEK:  TRANSIT  OF  VENUS 


67 


they  were  married  by  Mr.  Ernst,  a  missionary  who  arrived  in  1844  and  whose 
residence  is  shown  in  Figure  16.  Gripping  contrast  to  impressions  of  pastoral 
serenity  is  provided  by  Figure  17,  which  reminds  us  of  a  dark  history.  The 
crude,  clinical  arrangement  of  skulls  is  augmented  by  cards  offering  a  terse 
explanation.  One  reads,  “Moriari,  aborigine  of  Clutham  Island”;  the  other 
states  simply,  ‘‘Maori,  Chatham  Island,  devourer  of  Moriari.” 

If  global  weatlier  conditions  affecting  all  expeditions  were  to  be  sum¬ 
marized  in  two  words,  those  might  be  ‘‘general)'  '>r.”  A  notable  exception 

was  enjoyed  by  C.  H.  F.  Peters  and  his  party  i .  j  Zealand,  it  was  widely 

reported  that  the  weather  tliero  had  been  so  bail  that  no  one  in  New  Zealand 
ii:*d  seen  the  event.  Peters  located  in  Queenstown,  on  the  sb.ore  of  Lake 
Wakatipu,  where  he  in  fact  enjoyed  idea!  weather.  From  his  obsei'ving  site 
comes  Figure  I8,sliowing  the  lake  and  mountainous  surroundings.  'Die  town 
Is  not  evident  in  tins  photograph,  but  some  idea  may  be  had  freen  Figure 
19,  whic.h  is  a  part  of  the  central  area.  One  may  imagine  that  Peters’  party 
enjoyed  their  stay;  Queenstown  prospered  to  become  a  favorite  Soutli  I  huid 
resort.  All  this,  and  science  too. 

Searching  for  the  actual  transit  plates  was  to  become  a  frustrating  exper¬ 
ience.  .Some  have  turned  up  recently,  although  it  is  not  certain  that  ilaw 
ca.ne  frtnn  the  1874  expedition.  Figure  20  is  typical.  Venus  is  at  tlie  top  (tlw 


l  ij;.  20.  Transit  tif  Vcjjus  t’IjIc. 


i 


K' 


f, 

r. 


1^ 


r 

V 

♦ 

% 

i 


68 


JANICZEK;  TRANSIT  OF  VENUS 


other  marks  arc  not  necessarily  sunspots).  A  rcstau,  or  net\  .n.  )(  paralle! 
Hues,  was  imprinted  onto  the  glass  plate.  The  heavy  line  through  the  center 
is  the  shadow  a  plumb  line  used  to  orient  the  platcholder  and  image  with 
respect  to  the  vertical. 

Interest  in  Venus  transits  for  determining  the  solar  parallax  waned  after 
1874.  Except  for  the  United  States,  all  countries  had  relied  upon  visual 
observations  of  contact  between  the  limbs  of  Venus  and  the  Sun.  As  m  tlie 
ease  of  the  18th  century  transits,  these  were  widely  discordant.  Improved 
instrumentation  and  practice  with  lorcknuwlcdgc  of  physiological  effects 
had  not  produced  the  hoped  for  advantage.  Disappointment  was  widespread, 
and  the  whole  enterprise  deemed  generally  a  failure.  Of  the  United  Stares* 
plan  and  its  validity  we  cannut  k>«ow.  Certainly  there  were  many  painstaking 
details  which  had  to  be  reckoned  with  regard  to  the  radical  application  of 
photography;  there  were  determinations  of  instrumental  errors  to  be  made; 
geographic  locations  precisely  wanted.  I’here  was  a  considerable  eitort  made 
at  first.  In  view  of  all  the  difficulties,  mostly  not  t)f  a  scientific  or  procedural 
kind,  the  U.  S.  effort  could  not  be  sustained,  while  the  years  between  1874 
and  1882  saw  preference  being  shifted  to  other  methods  tor  determining  the 
parallax.  Uy  the  time  td  the  1882  event,  the  level  of  urgency  had  ileclined  to 
the  point  where  expeditions  wore  sent  principally  for  the  reason  th.it  it  vva.s 
the  thing  to  do.  Of  course  the  skies  were  then  propitious  for  nearly  every 
observer. 

One  man  never  lost  faith  in  the  vaiuc  of  the  1874  photogr.tpliic  obscrv.i 
lions.  Knowledge  of  him  today  is  as  faded  as  tlie  detailed  history  ot  tlie  U.  S. 
ex jxrdition.  ile  is  William  Uarkness.  who  eventually  became  the  Asiioiioiui 
cal  Director  of  the  Nav.d  Obscrvatoiv.  His  accomplishments  were  in.iiu  .iiul 
varied.  Aimmg  them,  tlie  spheionieier  caliper,  an  iiuiispensible  ti>ol  in  mstru- 
ineiit  ami  machine  shops,  he  invenieti  to  ine.isure  pivots  ot  iiaiisii  iiistiu- 
tneius.  f  ie  p.irticipated  in  the  de.sign  of  the  six  inch  tr.insit  circle  m  the  Ob 
scivatoiy.  and  was  intimately  involveil  in  the  Observ.»ti>ry 's  ieloi..iiiun  in 
1893. 

f  or  several  \eai5,  llarkncss  laboreti  alone  over  the  reductions  ot  ihr 
U.insii  oiiscivatuius.  .Although  he  was  ovirt.ikcii  by  i>tiuT  ilutiis  .uul  i.ircN. 
there  is  sonic  evidence  lii.il  the  completion  .uul  public.iiion  ot  the  lesidis  ot 
the  1874  expediticui  were  goals  never  far  from  his  iiund.  H.ukuess  J  igure 
2i)  descivcN  to  be  better  known,  I  hope  lh.it  .m  enlightening  vu  vleliimivr 
study  <*f  H.irknc.s.s  will  scuiieday  be  written.  As  source  m.ueii.tl.  there  .ue 
tour  volumes  of  Harkness'  letters  .uul  scientific  writings  at  rlu  N.iv.d  ( ih  .rt 
var4>i\.  wiiuli  itself  stands  as  a  p.iri  id  his  cic.itive  output.  I  hr  .u.'nvr-.  .u 
the  luuvei.niv  ot  Kochestei  is  another  iept»'.it‘ir\ . 
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21.  vVitiiaiu  llarkitcS}  (183?  IMOJ),  Naval  t)u>rrv4i<»ty  .  186’  18  ^9.  atj-i 

lull  AsUt>uunu».al  l>i{ctlur,  189-1  1H99. 

In  1  wouUi  likt.'  U»  icail  jurt  ut  a  j>ai  .^rapli  iroin  j.ii  .uiiifcsv  «4ivcn 

!!.«••. bclitrc  liic  Amciicati  l«»r  ihc  Ativ.uitcfncr.i  t*{ 

pii*  f  u>tlic  ir.inMl  t*f  ISH2. 

V.  i*  all  itiiu  on  the  i  \v  ol  liic  !.cvumi  It.itss'd  oi  .»  jMii .  .ittcr  wiitwis 
Moiu-  *»!l,vT  will  tKtwr  uiilil  liic  2  Ul  ipiiunv  ol  onr  era  isa\  J.tuniti 
-  ii*  anil  liit*  jitnc  IIoWcin  arc  biooinnii;  m  200-1.  V.ncn  llu 

!.•'»  Can  il  :iCa>«.ja  llu*  iiiulliv  tual  \\nrU!  \\a\  .ikonm;- 

ii»<-  '.ltiiniiv‘1  ol  a^v's.  aiui  tliat  \voiutr«»us  m. u lOihc  a  OvO*.  whu’s 
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has  led  to  our  present  advanced  knowledge  was  just  beginning.  What 
will  be  ti»c  Mate  ol  science  when  the  next  transit  season  arrives,  God 
only  knows.  Not  even  our  children’s  children  will  live  to  take  part  in 
the  astronomy  of  that  day.  As  for  ourselves,  we  have  to  do  with  the 
present,  and  it  seems  a  fitting  occasion  for  noting  bri^  fl\  rUc  scien¬ 
tific  history  of  past  transits  .  . . 

We  arc  in  a  slightly  more  adva'  igeous  position  to  speculate  than  Hark- 
ness  or  his  contemporaries.  Their  children’s  cluldrcn’*  have  left  footprints 
on  the  Moon,  sately  navigated  the  asteroid  belt,  and  tested  Venus’  surface,  so 
that  quite  likely  the  next  transits  of  Venus  will  be  but  astronomical  curi¬ 
osities. 

it  is  more  ippropriate  to  comment  on  the  signify. mce  of  the  U.  S.  par- 
ocipation  i".  luc  19th  century  events.  The  federal  e.sL.hii'hmeiii  had,  at  that 
time,  a  tradition  ol  not  directly  engaging  in  science,  unless  it  seemingly  could 
not  be  avoided.  Since  other  nations  were  committed  to  field  expeditions  in 
large  number,  it  could  have  been  argued  that  tlu  I'niced  States  need  not; 
rather,  it  could  employ  the  resultant  solar  parallax  to  practical  requireiiients 
when  it  became  available  in  the  literature.  ‘Ihc  government’s  slow  arousal 
and  bcctic,  eleventh  hour  preparations  may  be  imerprclcd  as  testiinoriy  of  a 
strict  constructionist  attitude.  Yet,  the  eight  parties  which  were  dispatched 
were  thoroughly  staffed,  trained  and  equipped.  Among  tiie  great  iiati«ms  at 
iliai  time,  the  United  States  was  not  a  scientific  leader.  Had  circumstances 
been  kiiuler  and,  in  particular,  bud  it  been  possible  to  complete  the  results, 
the  1874  expedition  could  have  signiticantiy  adv.mced  the  time  when 
scientific  leadership  by  the  United  States  was  acknowledged.' 

i):  Were  values  for  the  parallax  ev«,r  derived  from  the  1874  results’ 

jinit/ek:  ‘rlicre  was  .a  value  published  by  17.  P.  ‘fodci,  I  believe.  It  was  pre 
mature  siiite  the  reductitnis  had  not  been  finished.  Tiie  I88d  transit  it  .ults 
were  printed,  as  f.ir  as  I  know,  tJidy  in  a  repi»rt  of  the  Seirctars  of  the  Nav\ 
li»r  1889,  .and  I  .suppose  duit  satisfied  the  requirements  i>f  the  work  in  a  Icg.d 
sense.  altiu.'Ugli  icri.mdy  not  m  a  scientilic  one. 

t,):  !’\e  been  told  tii.it  m  187‘i  ilieie  was  a  publication  m  tlie  (  ongrcssi' ni.il 
series  i»i’.  the  1874  transit  prutiiueJ  by  Newcomb  with  values  of  tiie  ^••ar.«lla\ 

Jaiuc/ek:  Tii.it  liad  to  be  a  preliminary  value.  Newcomb  himsel!  vLomevi  tiu- 
Work  w.is  never  finisiied. 
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What  will  hr  the  Jlaic  af  xieme  when  the  txtxl  UxaUI  -eajon  t.o 

.1  ttfcn  out  •.IiiUieti'j  v.hUt!rs:n  will  live  to  tAe  J  at!  i«  the  a»lt  * 

Jay.  A>  iof  ou»>r|ve».  we  have  to  Jo  with  the  f^ieirtit.  . 

'inujttatl«»n  ffiitn  H'rfUy.  Ap;il  2B,  IHH}.; 


72  JANICZEK:  TRANSIT  OF  VENUS 

NOTES 

1.  For  a  somewhat  more  detailed  account  of  this  subject,  see  P.  M.  Janvj'/ek  and  L. 
Houchins,  “Transits  of  Venus  and  the  American  Expedition  of  1874,”  Sky  and  Tele- 
<!cope,  48  (December  1974),  366-371. 

2.  The  title  of  the  complete  work  is  Observations  of  the  Transit  of  Vetius,  December 
8-9,  1874,  Made  and  Reduced  Under  the  Direction  of  the  Commission  Created  by  Con- 
fjress.  Part  I,  “General  Discussion  of  Results,”  was  piintcd  bearing  the  date  1880.  The 
document  referred  to  here  is  Part  II,  “Observations,”  of  which  only  a  single  copy  exists  as 
two  bound  volumes  of  page  and  type  proofs.  Part  III,  containing  the  discussion  of  the 
longitudes  of  the  stations  from  occultations  and  other  sources,  and  Part  IV,  containing 
the  photographic  plate  measures,  have  nci  been  found  in  any  form. 

3.  One  would  like  to  know  more  about  Horrox  with  greater  accuracy.  1  have  not  been 
able  to  examine  ary  of  his  writings  except  via  quotations  embedded  in  works  which  arc 
less  than  scholarly  and  which,  together,  lead  the  reader  to  some  contradictions. 

4.  Literature  describing  the  18th  century  transit.^  is  not  wanting  generally.  The  work  by 
Harry  Woolf,  77ie  Tranms  oj  Venus  (Princeton.  1959)  is  an  authoritative  account.  New¬ 
comb,  in  Reminiscences  of  an  Astronomer  (liostoji  and  New  York,  1903),  highlights 
several  of  the  misfortunes,  while  devoting  Chapter  6  to  the  subject  in  general. 

5.  E.g.,  Tapers  ReUitinff  to  the  Transit  of  Venus  in  1874  (Washington,  D.  C.,  1872). 

6.  Figures  1-9  were  found  among  variou.s  collections  at  the  Naval  Observatory,  as  were 
Figures  18-20.  Ruth  Haskett  Stines,  author,  genealogist  and  descendent  of  Irvin  Stanley, 
one  of  the  expedition  photographers,  has  provided  Figures  10-17  and  many  other",  in 
eluding  some  from  the  1882  transit.  Marshall  Pywcll,  a  descendent  of  Willi.nn  Reddish 
Pywell  (the  transit  party  at  Campbelltown),  kindly  provided  Figure  22. 

7.  W.  1).  Horigan  assembled  a  typewritten  30  page  “Memorandum  for  the  Superinten¬ 
dent  (Naval  Observatory)  concerning  the  origin  and  operations  of  tlie  U.  S.  Tr.tusit  <4 
Venus  Commission”  in  1^22.  It  is  comprised  chiefly  oi  extracts  from  reports  by  tlie 
Commission  and  the  Secretary  of  the  N.ivy.  ft  also  repjoduces  a  !ett<  r.  vl.itei!  1891,  by 
Harkness  indicating  his  intentions  to  (.omplcte  the  work  of  the  transit  expedition.;. 
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;  at  the  lefi,  with  his 
F,  Peters;  seated  on 
h  Hall;  seated  at  the 
iommatid. ) 


,nul  ihc  N.»val  (''.ncjv.4li*t  V.  1H61-1K77,  bcl.ir»  .«>  Sii|h  !  inuiu!.  *•  5 
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SIMON  NEWCOMB’S  ROLE  IN  THE  ASTRONOMICAL 
REVOLUTION  OF  THE  EARLY  NINETEEN  HUNDREDS 


Anhur  L.  Norberg 
National  Science  Foundation* 

Introduction 

In  iionor  of  the  150  years  of  the  U.  S.  Navy’s  role  in  astronomical  affairs, 
through  its  many  modifications  from  a  depot  of  charts  and  instruments  to 
the  present  form  of  the  Naval  Observatory,  I  would  like  to  focus  here  on  one 
context  of  its  activity:  the  development  of  planetary  tables  and  position 
constants.  The  research  for  these  tables  and  constants  was  performed  in  the 
Nautical  Almanac  Office  at  a  time  when  it  was  independent  of  the  Naval 
Observatory,  but  in  the  same  administrative  branch  of  the  Navy. 

The  greatness  of  institutions  such  as  the  Almanac  Office  can  sometimes 
be  appreciated  through  the  greatness  achieved  by  persons  active  in  ilu>sc 
institutions.  In  the  case  of  the  Almanac  Office,  we  can  appreciate  a  part  of 
its  greatness  through  a  study  of  the  efforts  of  Simon  Newcomb.  Research 
efforts  on  planetary  table  theory  reveal  Newcomb's  role  -and  the  Navy's 
part-  in  the  opening  salvos  of  the  astronomical  revolution  of  the  20th 
century,  a  revolution  that  is  still  unfolding.  And,  in  keejung  with  this  cele- 
biaiioii,  the  context  illustrates  one  of  cigi^ilicant  areas  of  the  Naval  Ob¬ 
servatory’s  and  Nautical  Almanac  Office’s  contributions  to  this  revolution. 

'I*he  research  progr.un  on  constants  and  tables  at  tile  Alman.ic  Office  in 
the  last  thirtl  of  the  I9th  century  was  led  by  Newcomb. ’i'he  task  was  .m 
immense  one,  and  involved  the  cooperative  eift)rls  of  many  astronomers 
throughout  the  world.  Newcomb’s  planning  for  .nul  coordination  id  this 
work  brought  him  gre:itness.  When  conte:njd.iting  how  to  lel.ite  brii  tl\  the 
details  ot  this  important  program  so  as  to  justify  his  colleagues'  view  of 
Newco'iib's  greatness,  and  feeling  overwhelmed  bv  the  .nnount  ot  liei.ul,  I 
was  remiiideil  of  .i  coinment  by  C!harles  .Sai-ders  l\nice  on  greatness.  He 
wrote: 

,  .  .  tlie  wav  to  juiige  of  wlietliei  .1  man  w;us  gie.it  or  not  is  i<i  put 

:iside  all  an.ii)sls.  to  contempl.ite  attentively  \  \s  life  .nul  wi>rks.  .md 

*N«»\v  I )licc toi.  Tin  (  iiuilnifi'.  l  mifisity  lU 
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then  to  look  into  one’s  heart  and  estimate  the  impression  one  finds 
to  have  been  made.  This  is  the  way  in  which  one  would  decide 
whether  a  mountain  were  sublime  or  not.  The  great  man  is  the 
impressive  personality;  and  the  question  whether  he  is  great  is  a 
question  of  impression.^ 

Let  me,  then,  offer  such  an  impression  by  concentrating,  first,  on  the  outline 
of  the  plan  and,  second,  on  the  reaction  of  astronomers  to  the  research 
results.  Even  this  brief  reconstruction  reveals  several  things  about  Newcomb 
that  contributed  to  his  greatness:  his  intellectual  prowess,  the  force  of  his 
personality,  his  organizational  ability,  his  view  of  scientific  research,  and  the 
attitudes  of  his  contemporaries  toward  him.  At  the  same  time,  it  illustrates 
a  significant  contribution  of  the  Almanac  Office  and  the  Observatory. 

Newcomb's  Research  Program 

The  basis  of  all  measurement  is  an  accurate  knowledge  of  positions;  yet 
thruugliuut  asttunoiny’s  pust,  iio  tables  tepiesenteu  the  positions  ol  bodies 
accurately  lor  very  long.  In  order  to  determine  whether  this  difficulty  is  the 
result  of  theory  or  observation,  it  is  necessary  to  have  a  good  set  of  tables 
for  tunipaiison,  and  to  refine  the  reduction  of  observations  as  much  as 
possible.  Addressing  himself  to  this  point  in  1882,  in  the  first  announcement 
of  the  design  for  carrying  out  his  planetary  program,  Newcomb  stated  that, 

li  wc  are  to  determine  what  unknown  causes  affect  the  motion  ot 
the  planets  the  first  step  is  to  prove  that  there  is  really  a  discordance 
between  the  results  t)f  observations  and  the  results  of  the  theory  of 
gravitation.  The  first  step  toward  establishing  such  a  discordc.nce  is 
the  construction  of  t.ibles  and  lonmilae  of  whici>  we  can  say  that 
they  are  l»eyont!  reasonable  doubt  the  results  and  only  results  o(  the 
gravitation  of  the  know'u  bodies  of  the  solar  system,  'fhe  necessary 
conditions  which  such  tables  and  formulae  must  satisfy  arc  that 
lhc\  shall  be  f;.in?:lcd  upojj  imifo.'-j!’ elements  .md  data,  and  that  tin 
results  of  employing  the  adopted  elements  shall  be  c.nrieil  out  with 
all  necessary  precision.  Now.  not  only  has  this  requirement  Uevei 
been,  lulfilled.  but  tiie  effect  of  recent  advance  in  ex.ivt  a.sironomv 
has  rather  been  tt*  .airy  us  away  from  its  iultilbneni." 

Newcomb  ».riiici/ed  Urb.iin  l.evcirier’s  work,  tiie  most  lacein  .ittem|>t  m 
provide  a  set  of  tables,  on  the  grounds  lh.it  lie  pushed  the  t.ddes  into  pr.ni 
too  f.ist  and  did  not  use  ail  the  inforinaiion  .iv.iilable  to  him.  i  his  n  iniiKCvl 
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Newcomb  that  just  improved  tables  should  not  be  the  only  goal.  In  order  to 
accurately  determine  the  fundamental  elements  of  astronomy,  it  was  neces¬ 
sary  to  use  all  the  material  available,  which  had  “increased  many  fold”  since 
Leverrier’s  tables  appeared.  He  noted  that, 

The  desirableness  of  having  such  tables  founded  on  one  consistent 
and  fully  elaborated  theory,  hardly  needs  to  be  insisted  upon.  Only 
in  tills  way  can  it  be  decided  whether  deviations  from  theory  arise 
from  its  imperfections,  or  from  the  actions  of  unknown  and,  per¬ 
haps,  unsuspected  causes.^ 

Newcomb  was  concerned,  because  if  Leverrier’s  tables  became  the  standard 
a  great  part  of  the  existing  data  was  “in  danger  of  never  being  used,  unless 
discussed  and  condensed,  in  such  a  way  as  to  render  them  manageable.”  1'his 
referred  to  the  observations  taken  particularly  after  1860. 

We  must  either  suflei  this  great  mass  ot  materials,  collected  at  great 
expense,  to  go  to  utter  waste,  or  we  must  speedily  put  it  in  a  shape 
to  be  utilized  lor  present  and  future  purposes.  It  is  true  that  if  noth 
ing  were  to  be  added  to  the  mass  we  might  safely  leave  it  in  confi¬ 
dence  that  future  astronomers  would  give  it  more  attention  than  w'e 
have.  But  so  rapidly  does  it  increase  .  .  .  the  required  work  must  be 
that  of  an  org.mi/ation  ratiier  ih.ni  that  of  an  individuaL** 

He  insisted  that  all  the  work  should  l)e  founded  on  .ill  the  observations  av.iil 
able,  but.  in  .uhiiiion,  on  all  the  available  iliscussioiis  by  otiier  .istrononuTs. 
'I'his  would  reduie  its  iiidiviilu.il  cliaractcr,  and  allow  a  greater  ulili/ation  of 
material. 

Since  a  deserip(ii*ii  oi  the  orbits  followeti  by  the  tour  inner  p^.lne[^ 
required  most  all  the  fundamental  lousianis  ol  astroiionu  ,  .Newcomb  pro¬ 
posed  to  begin  wlili  th.ese  jd.nieis  as  a  set.  In  liie  .e  inur.ictiiiiis.  one  needed* 
the  mass' •.  oi  the  pl.ineis  .and  the  elements  ot  ibeir  orbits,  the  <, oiistams 
connected  with  the  rotation  ot  the  Earth,  the  .inniial  precession,  liie  obluj 
nil)  ot  the  ecliptic  .ind  ll>  secnl.ir  v.u  iation.  the  position  ot  the  etpiinos.  .uu! 
the  positions  ot  the  iaiui.nnental  stars;  one  needed  .lisu  the  solar  p.n.di  is  .md 
the  mass  ot  tlie  Moon. 

NeWc«*mb  thought  that  the  theoretical  aspects  i*t  these  iiuesi sg  n loio 
Would  have  more  i.isliiig  value  than  the  rabKs.  It  was  tin,  onuluM->M 
liiinilated  Newtoiul^  lo  iifv«'ii>p  hts  iheoielu.d  .m,d\  ns  I  *!!  (ins  nr  e  i  .b 
lished  .1  new  series  wiihiii  the  .Alin.iii.u  (tlliiC  Is*  ii  mdle  ilu  pubiii..ti  n 
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his  results,  the  /{■^trofioinical  Papers  Prepared  for  ilic  Vse  oj  the  Ame  rica}! 
Ephertteris  and  Nautical  Ahuanac. 

We  get  indications  of  his  desires  much  earlier  than  1882.  however.  Short¬ 
ly  after  Newcomb  assumed  direction  of  the  Almanac,  lie  began  restructuring 
the  office.  In  the  annual  report  ot  the  office  for  1877,  written  by  Newcon'.b 
only  one  month  after  assuming  the  Superintendency,  he  wrote  that. 

The  most  urgent  want  of  the  office  at  the  present  time  is  a  set  of 
tables  of  the  Moon  and  planets,  corresponding  in  accuracy  to  the 
present  state  of  practical  astronomy,  and  founded  on  entirely  homo¬ 
geneous  data. 

To  justify  this  statement,  he  commented  on  the  tables  in  use  in  the  fol¬ 
lowing  way. 

'I’lie  tables  of  Mars,  Jupiter,  and  Saturn,  now  used  in  the  preparation 
of  the  liphemvris  are  ail  more  than  half  a  century  old.  and  the  only 
recent  ones  e.\istiug  are  those  of  i.everrier.  The.se  have  ncvei  been 
introduced  in  the  prejiaraiiou  of  the  /;j>//<'u/ens  becau.se  the‘r  form  is 
such  as  to  render  them  extremely  inct>uvenient  in  use,  ami  it  is 
doubtful  whether  they  fulfill  the  retjuirements  t)t  the  astrononi)  of 
the  present  day  in  respect  to  precision.  ’ 

Me  wrote  this  at  a  time  when  the  ephcineiidcs  tit  Europe  weie  ctiiuemid.jtmg 
tin*  introduction  of  Leven  ier’s  work.  Newcomb  tini.shed  the  repiiit  b\  .'sstrt 
ing  th.it  il  ilie  whole  .ippropiiati<m  for  the  e.ext  fiscal  ve.n  were  .ippit-veti, 
"tile  object  in  tpiestioii  can  be  commenced  as  soon  as  th..t  .ippropri.niou  is 
avail. iblc.“ 

On  M.iy  1.).  1878,  Newunnl)  wrote  to  Alex.mder  Ag.oNi/  .  in  C-.imbruige, 
Mass.ichuselis.  lliai  he  was  ‘’gelling  fairly  under  w.iv  “  tin-  (l;eont•^  t)i  [lie 
plaueiaiy  nioiion.*’  Due  t>l  Newttiinb’.s  lust  steps  w.is  a  piop»>'.f,l  u  vi'.iou 
of  the  l:phe}>ieii<,  lo  iinpiiiVc  its  usefulness,  .iml  lo  hee  si-me  nine  «tj  die 
cmupuiets  fm  oilier  work.  He  submitted  to  the  .isn  vnunneis  o{  ihv 
iifteen  suggested  (.b.iiigt^.  (hat  r.mged  from  the  t»mrss!cii  ot  all  il.ii.i  ioi 
Washington  uican  notrn.  to  the  adihtion  tU  heliot.enii i<  lom^iiude.  lam  ule. 
ami  i.uliiis  veett»r  v.diies  lt*r  all  the  pbmels.  Diftereiues  of  t^j'iiocu  .oos,-ou 
some  of  l!u*  poinis,  .md  liie  pioposeii  changes  weie  u  ftireil  .  .K  iumrt!  e 
of  the  iN.nit  n.ii  Ai.idem\  t»l  .Siieiicis.  I  his  oinmit lee  st.  .1  .tiiu  <1  •  f  !*. 

reeonmu'i'd.it ii  »n  *  .nui  Migge  nei!  ii:o,.ii!ic.iln  nu  of  ine  i  vsh;,  ! 
i Dtnb  nu  '  »i  p.  .t .ned  m  i he  \ « •liime  i « >i  I  887.  pnbiislu  (i  m  o-ui  18  • 
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The  new  structure  of  the  Hphenicris  required  less  calculation,  so  the 
office  personnel  could  spend  some  of  their  time  on  the  new  planetary  pro¬ 
gram.  In  addition,  Newcomb  hired  some  new  help,  with  funds  from  an  ap¬ 
propriation  for  tiic  computation  of  tables  for  planets  (i.e.,  minor  planets) 
discovered  by  American  astronomers.  Newcomb  interpreted  the  terms  of 
this  appropriation  rather  broadly,  and  used  some  of  the  funds  for  tables  gen¬ 
erated  by  American  astronomers,  regardless  of  whether  the  planets  were  dis¬ 
covered  by  '.hem.  Eventually,  he  successfully  lobbied  for  an  appropriation  to 
cover  the  planetary  table  work  itself.  The  original  amount  of  this  latter 
apjiropriation  was  $3,000,  and  over  the  next  15  years  it  fluctuated  from 
$2,000  to  $9,900  per  year. 

One  regular  assistant  of  the  office,  (Jeorge  W.  Hill,  was  assigned  the  work 
(T  Jupiter  and  Saturn.  He  coordinated  this  work  with  Newcomb’s  intcfjtions 
for  the  entire  program,  but.  essentially,  he  was  free  to  generate  the  tables  in 
his  own  way.  'I’liis  was  a  massive  task  and  it  took  Hill  ten  years  to  complete 
it.  Newcomb  divided  the  rest  of  the  work  into  two  parts:  the  inner  planets, 
as  we  noted  above,  and  Uranus  and  Nej)tune;  but,  lor  the  motion  of  these 

l. ist  two  planets  Newcomb  lelr  tliat  only  updating  ol  his  earlier  tables  would 
be  required  when  the  rest  were  completed. 

Newcomb’s  program  for  the  analysis  of  the  motions  of  the  inner  planets 
can  be  sunuiiarized  in  the  following  way.'"*  First,  he  discussed  the  computa¬ 
tion  of  the  general  perturbalitms  of  the  planets.  For  the  four  inner  planets, 
font  teen  pairs  of  planets  had  to  l)C  considered,  because  of  the  effects  of  jiijn 
lei  and  .'^.itiirn  on  the  inner  planet..,  as  well  as  their  own  interactions.  <  )iie 
iinjiortaiu  element  in  sorting  out  tlie  periin li.ilions  of  the  pl.mels  on  t..th 
other  was  the  mass  of  Jupiter.  To  determine  this  value.  Neweiunh  usetl  me 
iiileraeiion  between  Jupiter  and  the  asteroid  I’olyhvnmia.  discovered  in 
185-1.  ‘I'iiis  .isleroiii  made  a  near  .ip[)roacli  to  Jupiter  in  188S,  aiul  reatiud 
perihelion  in  1888,  .so  Neweonih  was  able  to  use  >  hserv.unms  ol  it  ikmu 
185-1  to  1S8‘).  Sevoiul.  hf  uiuleitook  llie  re  reduction  *  t  the  okier  oh  trwi 
ti«»n.s.  .l•.Id  .1  iiisci'>NU»n  of  ilie  later  ones  to  icduce  them  to  .i  uniii>nii 
fir  reiediued  M.iskelyne’s  (ueeiiwiJi  ob\Li v.iinnis  fioiu  17(0  t  .  ISli. 
luini;  niodein  tl.ila:  .iud  he  did  tiie  s.iine  f(i>r  l*i.i//i‘s  ol>sei\ .iin ms  .u.  f’uK  rii'o 
Un  1/91  to  181  >. 

I«»  N.ive  tune,  he  v.irried  over  Auwer  s  reductions  oi  Ui.ultes’s  ohsciv.i 
turns  of  175(1  ti>  17(>2,  .uul  .An y  s  reifiu  lion  ol  Foiul’s  nl^seis.iOou  ,  ol  I  8  I .! 
ti>  1830.  as  well  .js  l.evei  f  ii-i  ’-.  iedut:ioii  t»f  the  I'.iris  ohsui  s  .u '<  no  I  mm  l8oO 
lo  18/S.  aiui  I'essul'-- reiliu  lioii  of  the  ohsti\.:n<  ,us  .u  Koire.slu  i  g  (i  <  m  ,  .S  *  *, 
i>‘  l.'l-l.s.  To  ilusi.  NiV.uomb  .ufdi  d  his  osvn  ndueiiou  ol  i.Ui  .  oh.  i’.iUei. 

m. uk  .It  .‘'l  l  .1  lio/i,  n  »tiot  I v.it« *1  les. ^  I  !u  loi.d  nunilu  !  of  ohsii'.  uson  uin 
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matcly  used  for  tlic  four  inner  planets  was  62,030. 

Third,  since  Leverrier’s  tables  were  in  use  in  the  ephcmcrides  of  Europe 
from  1864-  on,  ^^eided  pla^'cs  for  the  plnTici’s,  prior  to 

1864  from  these  tables  also.  Fie  began  with  Leverrier’s  formulae,  partially 
reconstructed  them,  and  recomputed  the  positions  of  the  four  inner  planets 
and  the  Sun.  From  these  manuscript  tables,  Newcomb  calculated  a  set  of 
elements,  which  he  employed  as  the  provisional  elcmci'ts  in  the  develop¬ 
ment  of  his  own  theory.  Several  supplementary  tables  were  also  generated, 
sue!',  as  those  tor  changing  the  Sun’s  positions  in  longitude  and  latiutde  to 
right  ascension  and  declination,  and  changing  the  latter  from  Greenwich 
mean  noon  to  Greenwich  apparent  noon  and  then  to  apparent  noon  at  tiie 
observatories  "diose  observations  were  to  be  used.  His  final  results  embraced 
a  complete  revision  vd  the  elements  of  the  planetary  orbits  and  the  fniusses  of 
the  planets,  as  well  as  the  principal  constants  of  reduction,  such  as  solar  par¬ 
allax,  precession,  aberration  and  nutation. 

Newcomb  combined  exceptional  talent  for  reducing  observations  to  .i 
unitonn  system,  thereby  increasing  their  utility  a'ld  reliabihty  lor  einpiiical 
correction  of  the  elements  of  an  orbit,  and  reducing  the  cqu.ition:.  ot  cimdi- 
tion  by  least  squares  so  that  they  contained  a  minimum  of  error.  Neverthc' 
less,  sometimes  he  placed  too  much  laiih  m  the  work  ot  amnher.  and  errors 
crept  into  his  final  results. 

The  piubleni  oi  oli.scrva lions,  vvilli  icspcct  to  both  number  anil  iji-aliiv, 
svas  perhaps  more  severe  than  that  ot  the  development  of  theoius  tor  the 
planets,  in  order  tti  reduce  these  observations  tor  use  in  the  Cijuacit»ns  or 
condition,  Newcomb  had  to  adopt  a  highly  accurate  retertnef  system  oi 
stars.  Although  pleased  with  the  work  ot  Arthur  Auwers  at  Lcriin,  who 
.•.•.scnibled  a  list  oi  the  rigiil  .istensions  oj  icieienee  stars  lor  liic  epotii 
at  the  behest  of  il.e  Astronomi.^chc  l.'estdiscludt,  tor  use  in  the  lU  t  /j/ir 
biu‘h,  Newcomb  noted  that  the  proper  motions  uscti  in  the  /o<, //  wi  re 
sysieniatie.iil)  slower  tii.in  'he  inoiious  o!  the  stars  useti  '.n  the  o'ca'i 
/neo>  l)y  t).U8  seconds  per  ieuiur\  .^^  I  heictore,  Ne\%\v>tiib  Ui  veiopiU 
Ills  o\v!',  iuiiil.iinental  .-.vstem  tor  the  right  .iseeiisions.'"  whien  uuluJtd  .di 
the  '.l.iml.irti  -.l.irs  ot  the  ln/eoV»n:  /ip/ic.nt .  .nut  .ijl  the  vl.us,  down  lo  tiu 
sixth  ma;MiHUiie.  llu.t  lonld  i'e  ocviiiled  l)\  the  .Moon.  l  or  ! 'le  lito  im.itioiis, 
lie  .iilopceit  ti’e  sysftin  oi  l.ewis  ti«>ss.  d  liie  I  iiuiles  i  ibseis.ittu  \  .-Xh'.ins  , 
New  Ytuk,  whiJi  Newtoinb  ji.id  iiu  >1  pi*r.s5cii  into  the  /,;»#':«  m.-  /o  u.  1>=\S1. 

ihi-  Rt  .L  t*/  ll'c  ,  I '  ,'f  o»|.  »;nli  a/  (  v 

\ew\,»Mno  ».  ;•;!>{. iiifhi  i  o’li-spondeil  witn  l,w-.  Ihr-' ,  ».  ..ro  v, 
t.nniud  star  sssti  in  to  In  .»di>|*'ed,  .nut  wifii  I  l.ivu'i  tod  .lUo  ;r  -..oi;:  •  ! 
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heliometer  observations,  and  he  also  encouraged  and  instructed  both  Boss 
and  Gill  concerning  the  type  and  quality  of  observations  he  desired.  On  Feb¬ 
ruary  28, 1891,  Newcomb  wrote  Boss, 

In  about  two  years  ...  my  planetary  work  will  be  so  far  advanced 
that  I  shall  have  a  corps  of  computers  ready  for  something  else.  The 
most  urgent  work  will  be  the  preparation  of  a  standard  catalogue  of 
perhaps  1,000  standard  stars  for  use  in  the  Ephcnicris.  I  have  all  the 
machinery  necessary  for  the  preparation  of  this  catalogue  .  .  .  What¬ 
ever  is  done,  we  should  work  together  .  . 

Arthur  M.  W.  Downing,  Director  of  the  British  Nautical  Almanac  t.'fficc, 
wrote  Newcomb  in  June  1894, 

I  am  glad  to  hear  of  '\\c  progress  ol  your  new  Solar  Tables,  which 
will,  I  hope,  be  in  a  sufficiently  advanced  state  to  allow  of  their 
introduction  into  the  Siiuticid  Ahiuinac  for  1900. 

It  will  be  a  great  advance  when  astronomers  are  able  to  compare 
llieir  observations  of  the  Innlies  constituting  the  solar  system  with 
tables  deduced  from  absolutely  uniform  astronomical  data,  and  I 
look  on  your  Solar  Tables  as  a  Brst  step  in  this  direction.  I  hojn*  you 
will  be  able  to  bring  your  work  to  a  successful  conclusion,  and 
publish  it  withtiut  any  unnecessary  delay  ,  as  the  tables  will  niidoubt 
edly  prove  of  great  service  to  astronomy  in  general,  and  to  such  an 
office  as  this  in  pat ticulai ;  and  the  sooner  they  are  made  av.iil.tbie  t(»r 
use,  the  belter  tor  sciciue.^^ 

One  ve;-r  later.  Downing  agreed  with  Ncwct>nih's  plan  to  pre{)are  a  siandaril 
st.r  Catalogue  for  1900,  attd  expressed  douhi”  that  it  wuuld  sersc  as  a 
basis  for  an  inicrnaiirntai  c.aalogue.*^  ShoirK  after.  Davui  Otll  beg.*n  a 
inovetnetii  O)  Niimulalc  cooperation  among  llie  cphcnicris  oftiics,  bv  pro 
poiing.  in  ilic  spring  of  18')4.  iltat  .t  ctmfeiencc  be  beld  in  IH‘)o  to 
conuiivui  prtjblcins  and  to  work  out  a  unified  b.isi.>.  like  Newcontb's.  of 
that  ciHiid  be  used  ii;  all  alinanavs.’' 

rite  riMCtioii  it>  proposal  was  iu»t  overly  warm.  Newiomb  Wid 

Loiju  d  It  loj  obvioUi  re.tsons.  and.  since  llie  Uiitish  .util  Dinted  Sf.iiis  oilues 
v.ere  .dreadv  discussing  cva>|»craiion.  Downing  blcswu  the  idea.  Titr  (.ieiut.  ‘o 
i..  .  Atrhui  nuwers'i  ‘rttwned  i>n  the  pmpos.d,  and  the  FretKlt  took  .i  w.ui 
oi  ste  attitude.  After  a  lluriA  t»f  leliers.  and  .«  w.iieritig  n  .4  the  .ura  <4 
oi  .(  c-  '.ifeietjce.  DvJwniiig.  tju  jattuaiy  28.  ltS';5.wroti  toM.uuKe  Iokaw, 
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Director  of  the  Cotnuussiwee  ties  'I'cmps,  suggesting  that  it  would  be  advan¬ 
tageous  for  the  principal  ephcmcridcs  to  adopt  a  unified  standard  star  sys¬ 
tem. 

Invitations  to  the  conference  meeting  in  Paris  were  limited  to  the  direc¬ 
tors  of  die  four  principal  cphemcridcs,  who  could  choose  one  other  par¬ 
ticipant,  and  three  consultants  who  represented  observatories,  to  give  a  total 
membership  of  eleven.  This  organization  permitted  Gill  to  represent  the 
southern  observatories,  and  allowed  Newcomb  to  nominate  O,  Backlund, 
Director  of  Puikova,  who  otherwise  would  have  been  excluded. 

When  Newcomb  left  for  Paris,  his  program  on  the  constants  and  t!'c 
tables  of  the  four  inner  planets  was  partly  publLshcd  and  the  rest  was  in  the 
hands  of  the  printer.  The  report  on  the  investigations  into  the  astronomical 
constants  appeared  toward  the  end  of  1895;  the  tables  of  the  Sun,  Mercury 
and  Venus  were  in  press;  the  Almanac  t)ffice  had  begun  to  assemble  a  ‘'con¬ 
sistent  list”  of  stars,  for  a  new  standard  catalogue.^®  Naturally,  Newcomb 
felt  that  this  body  of  work  contained  the  higliest  acet*  acy  obtainable,  and 
he  went  to  the  conference  armed  with  a  proposal  that,  if  accepted,  would 
cause  Newcomb’s  constants  and  tables  to  be  introduced  into  the  world’s 
ephemeridcs. 

At  the  opening  .session,  Loewy  suggested  that  Newcomb  present  u  prti 
pusal  on  the  |)roccdurcs  to  be  iollowed,  and  the  aim  to  be  sought  by  the  uni- 
fereme,  because  of  the  “great  tjuantity”  of  his  invesiigations  relev.mi  to  the 
quesiioiis  to  be  considered.  Newcomb  presented  seven  propositions. 

‘i'hc  participants  discussed  ihe.se  proposals.  Tisserand,  DircLitir  oI  the 
Paris  Observatory,  retomineiided  that  the  c.nt.ilog  disciisseil  sli«)uhi  be  .m 
all  purpo.^c  catalog  of  right  asccusioii.s  and  declinat’ons.  laihei  fijan  recom- 
mendiiig  the  publuation  of  each  t<j;>rdinaie  separately,  as  h.ul  bees;  done  in 
the  past.  Downing  Imiier  specified  that  ihe  conference  shoidd  not  onl\  tiiN 
cus>  the  ctinsiitution  oi  the  caisdo,;,  but  .d\o  set  up  ih.*  niulmicrx  .»t  iti 
pioductioii.  At  this  jniiiii,  (iill  tried  adti  to  the  agenda  i  diseus.u.n  <;t 
what  l.ibh  >.  Ilf  ihe  .Sun  and  the  planets  wunld  be  most  suitable  ft»i 
.uiupiion.  but  the  members  Mdestep|H‘d  tlie  issue  as  “exuenuT,  deii^-tte  '  -Mid 
‘'very  diliicult  to  lestdve.”  Nv>  wonder  the  clioue  wa>  either  l.everrie? ’s 
r.tbles,  in  use  over  Puro|H:.  <*r  Newcomb’s  fiiitlicommg  set.  I  he  hn.il  pro.  r.uu 
deeiiled  on  for  discuv-um  included  Newcomb’s  seveti  potm.,  inoeblici.i  l»\ 
Tisser.uui's  proposal  tor  .1  ttuue  general  sataUn;.  CiillN  ..uw  .1 

suggestiiui  bv  Julius  liauseliinger.  Diretioi  of  the  l.i'ttl.'stzh 

altcinpl  to  organize  a  ba^is  !v.jr  calcul.uioiis  of  liie  epucni  euic.  i>t  '>  t  ul 
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The  Revolt  of  the  Americtin  Astronomers 

On  Newcomb’s  return  to  the  United  States,  he  tendered  a  report  of  the 
conference  to  the  Secretary  of  the  Navy.  He  began  to  smooth  the  path  for 
adoption  into  the  Amcriam  Uphemcris  of  the  constants  proposed  by  the 
c(mfcrciu:e,  by  inserting  the  following  statement  into  his  report; 

In  a  general  way  it  ma)  be  said  that  the  elements  adopted  were 
founded  mainly  on  the  researches  made  in  the  office  of  the  American 
Ephemeris  during  the  past  fifteen  years.  The  adopted  system  of 
Right  Ascensions  of  the  Fundamental  Stars,  on  which  all  others  are 
to  depend,  is  that  published  in  Volume  1  of  the  astronomical  papers 
of  the  American  Ephemeris  [sic].  The  most  noteworthy  dcviatit)n 
from  th :  numbers  adopted  in  this  office  was  that  the  values  (or  the 
three  constants  of  Nutation,  Abciration  and  Solar  Parallax  were 
those  derived  directly  from  observation,  without  making  any  adjust 
ments  for  the  theoretical  relations  existing  between  them.  A  slight 
difference  thus  arises  between  the  adopted  values  and  those  adopted 
by  the  t>lfice  in  the  planetary  tables;  but  the  difference  is  so  slight 
that  I  have  deemed  it  advisable  to  accede  to  the  conclusions  ot  the 
Conference  so  far  as  the  Ephemeris  of  the  Fixed  Stars  is  coi'cerned. 

The  International  Catalogue  will,  it  is  expected,  be  one  now  being 
prepared  at  this  office;  and  I  have  undertaken  ro  redetennine  the 
con.^taiu  of  Precession  ft)r  sulv.ecjuent  international  use.^*^ 

Newcuinh  set  to  work  immediately  on  the  tasks  assigned  to  him  In  the 
coiiiereiue.  llis  new  analysis  ijf  the  prcce.ssitnial  ct)nsi,!ni  .ipjv.irtd  in  the 
\sfiiHtoiitit\:l  loitiiiiit  in  June  1897."^'  Newcomh  chose  his  1895  v.ilur  .is  the 
initial  t?.>nsf.mr  needing  correction.  ‘I  he  eijiiint>x  to  which  NewcMinh  vojn 
p;rcd  this  \alue  possessed  a  right  ascension  from  Ins  1882  caiah)gue.  and 
dev  luialiiui  fiiiin  a  new  f  uiulanicnial  system,  consiriuied  !t»t  the  p::fpt>.se. 
d  lie  sl.irs  used  in  these  systems  came  from  Auwers’  leciiuiioiis  of  lif.ufiev’s 
*>bseivatii>ns,  employed  by  Newcomb  lK*tanse  Auwers  li.ui  calculalCvi  tiie 
prv  jpcr  nu  it  ions. 

i’iiis  study  appe.ifed  shoiiiy  utter  the  /Vts  r  v  I  r/b.m.v  nt  the  vo.'jfef 
eiue'^  Inuame  usailalde,  aiul  Ameiuaii  .isiriesomcts  were  gfu!nf>iing  ulx  et 
iftc  ulteiupievl  unptKUtion  the  results  v»t  the  vonierciue  tin  .ill  usii on* .m:t .d 
..ttivilv.  A  feW'  saw  ihe  role  til  the  u]tn.in.K  u\  .i  service  oiguin/aii' •».,  .ou’ 
'Jk  \  tell  ih.il  ,in\  ch.mges  siu>uid  come  about  t»ld\  becjuse  ‘he  t  •  eiaiiu.'iit  \ 
icsifeo  ilunn.  ratiicr  than  ihujiigii  the  ilct.ision  of  tiie  tf’sei  tors  i<i  :!ic  a’m  i 
I  ui  tiietmore.  bv  ritjuirement .  Ne\vt,*unb  irti’fcii  ->m  M.if.h  i  . 
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1897,  at  age  62,  so  there  was  some  discontent  that  he  tried  to  incorporate 
the  new  constants  without  consultation.  Nevertheless,  in  spite  of  the  discon¬ 
tent,  it  appears  that  Newcomb  never  lost  confidence  of  ultimate  adoption, 
but  his  relationship  with  his  successor,  William  Harkness,  with  whoin  he  had 
had  several  encounters  over  the  years,  was  difficult  at  best. 

A  running  controversy  developed  in  the  pages  of  the /l.sfroMo/nirii/  Jour¬ 
nal,  with  publications  principally  by  Lewis  Boss,  the  editor,  and  individual 
pieces  by  G.  W.  Hill  and  Seth  C.  Chandler.’’  First,  Boss  raised  the  issue  as  to 
whether  the  decisions  of  the  conference  held  for  all  users  ot  the  almanac,  or 
just  certain  branches,  such  as  the  naval  services  and  the  merchant  marine,  if, 
he  argued,  all  the  cphemcridcs  adopted  the  constants,  no  alternative  would 
be  left  to  astronomers  but  to  generate  special  monographs  for  each  subject 
of  interest  to  thein.^'  l‘his  conclusion  followed  from  his  consideration  ol 
Newciiinb’s  analysis  ol  the  constant  ol  precession. 

rhe  most  important  point  of  diflerencc  between  Boss  and  Newcomb  was 
on  the  relative  value  ot  right  ascension  and  declination  observations,  and  the 
use  ol  only  one  star  catalogue:  Auwers’  reduction  ol  Bradley’s  observations. 
According  it)  Boss  the  only  way  tt>  remove,  as  much  as  possible,  the  errors, 
both  systematic  and  .accidenial,  was  to  rely  on  a  number  ol  catah>gues,  and 
to  make  Bradley’s  observations  play  a  le.ss  important  role.  'I  his.  ol  ct)ursc. 
meant  a  completely  new  analysis  ol  the  star  observations,  and  the  redeter* 
ininaiitiii  ol  the  proper  motions,  which  led  to  Bi>as’  second  point. 

rhcrc  is  nt>  emergency  calling  lor  the  mmcdiaic  adoptiiai  ol  new 
values  ot  the  precessitinal  motion,  because  there  is  every  reason  wh\ 
there  should  he  a  |)cr!tHl  ol  iiwreased  activity  in  this  line  ol  lese-irth. 
Invostigal ions  in  stellar  problems  will  probably  duracteiT/e  the 
asiriiiioiny  ol  the  iwe:uicih  tenluiv,  as  tcseaich  upon  the  si>lar  s\s 
icm  ii.is  been  the  nu».si  remark.tbie  feature  in  the  astronomy  of  the 
eeniury  now  closing.’'^ 

In  A  tmiher  .uguincni,  whieii  ring:.  Neweomb’s  earlier  critnistn  t>l  1  ever 
iier,  r>t:ss  miled  that  a  “lith  .abun Jaiue’’  t>!  obseivat j«Mi>  on  bti-ht.  t..  v.i  l! 
tamf.  si. it's  alreailv  cxisfeti  ttn  a  more  toinpiclunisive  un.dvM*.  \it  prcwt  sMon. 

ihf  toiitroversv  went  on.  lioss  s.i\v  ih.u  it  w.is  ncve.s.UN  pres  nr  .4 
iiata  .malvsis,  lather  than  general  lemarks  abi)Ui  iiow  to  UU’  d..t.t.  lit  his 
ihitii  paj'er.  P>i>ss  tiiseuvseil  eath  ul  New».t*iiil)’>  tei  hni.jucs.  he  i!es».iih;  .{  lu*u 
tl/e  sli.dv  shouitt  have  been  conoui .ami  plascvl  paflKuLif  ^'niph.asss  on 
tUi-  us*-  oi  more  cat.doe.ues,  i>  is>  |-oin(eti  %-ul  the  urrlr  v,4r;ati«  u  ui  ihe  «‘a 
re^ieiii.  to  the  prctes  onal  i.noltoti  published  m  the  lew  \e.(»  -uio.-  N 
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comb’s  catalogue  appeared  in  1882.  He  added  that  some  of  these  works  con¬ 
sidered  the  error  effect  introduced  by  the  character  of  telescopic  images. 
Boss  argued  that,  since  all  observations  taken  down  to  1840  would  have  had 
bad  injages,  thereby  introducing  an  added  source  of  error,  it  was  question¬ 
able  to  give  Bradley’s  observations  the  same  weight  as  Greenwich  observa¬ 
tions  taken  between  1857  and  1864.  To  illustrate  how  he  would  approach 
the  problem.  Boss  gathered  information  from  five  catalogues  siiowing  a  devi¬ 
ation  from  the  equinox  position  chosen  by  New'comb  in  1882."^  Further¬ 
more,  i^oss  did  not  agree  with  Newcomb  that  there  were  fewer  sources  of 
uncertainty  in  declinations  than  in  r«ght  ascensions,  and  he  pointed  out  a 
systematic,  pcritulic  error  in  the  declination,  due  to  the  proj>er  motions  in 
rigl»t  ascension. 

In  reply,  .Newcomb  stated  that  the  proper  motions  of  the  Bratlle\  stars 
were  known  jnore  accurately  than  those  of  fainter  sr.irs.  The  use  of  faint 
stars  was  objectionable,  because  the  errors  introduced  by  personal  equation 
of  two  sets  of  observers  were  greater  than  the  preccssional  effect.  The 
clunking  oii  both  sides  of  this  issue  rested  on  quaheative  judgments  of  w'hat 
observations  were  needed  to  obtain  a  good  value  of  the  inoiion.  While  Boss 
argued  that  more  observations  were  available  than  Ncwctnnb  utili/cd.  be 
prefcrrcil  t«»  gather  still  more  observations,  and  give  greater  wcigiii  to  more 
recent  measurements.  Newcomb,  on  the  other  hand,  felt  that  his  method,  of 
analysis  had  already  eliminated  the  difficulties  raised  b)  l><»ss. 

Mixed  with  Newcomb’s  ouiioi)k  on  ilie  problem  was  his  desiic  to  see  an 
acceptable  value  universally  adopted,  so  as  to  give  a  ct>nsisicni  base  to  sub 
sequent  c.iialt»gucs.  Then  .tsiioiiomcrs  would  r.vU  ”bc  ufuier  lijc  coiist.in! 
necessity  of  using  provision.dly  ca>rrev.ccd  v.iiucs  i)t  th  pievi  ssi<>n.‘’  Whin- 
Boss  was  prep.ircd  to  w.iit  fv»r  further  intv>rinaiion,  Ne  vctinjb  lo  uld  not 
w'alt.  boll}  becatisc  lii  teinpcr.iiueni  and  age.  In  spile  of  Newcomb’s  }  o- 
le.stalii>iss  ih.il  he  tiisclaiincil  "m  siruiigcsl  manner  any  deure  lo  ihe 

eoiicluvion  dial  my  work  ougiu  to  be  adtqUeil,”  he  llouigfit  uionI  higlsU  t  i 
his  tjwn  vaiue^,  and  greatly  licsireti  tlje."  ailopiiou. 

iv’rx'/ufuxi 

file  « .ise  t»l  liie  di%'.iileill.%  |vi  sii.idcil  sviijie  pcop!*,-,  be.ati.e  m  poll  ..tj.t  n 
l>s  H.ifknes-.,  the  new  l>!reclor  tU  tla:  .A.|fi».inai  iiffue.  ftmileiu  f.;\.  fe.‘  o.e 
new  toiislaiKs  .uui  len  opjHised."^*  Wi»id  «*i  tlu*  ’'i-  soh  m  .Anunii.i  ’ 
laigl.uul  .ui  arlKic  ap|vafeil  i'i  liw  *  >;o«-o  .if.  i  e  oi  iVieJiilui 
lung.  ieaitul  o!  ins  own  po-nn.iu,  ii.auie.  !.;C.  n  the  miti.«i  sU  p-.  t«>  Uu  *:  -’i. 

rei  tuiuuend.xf  U'Ui  in  tije  ilju.in.i,  *>r  uioii  -mt. 

into?  ui.ilit  *n.  !'»  u  pK  ,  New  *  •.  nb  pi  i.  du  ,i  vi  t ii.a  sUi-pl u -j.  w ot.iil  «>.  .  i  :  a  u :  e; 
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two  ycars.“^  But  adoption  in  either  country  was  not  to  be  easy.  Strengthen¬ 
ed  by  the  American  resistance,  the  Greenwich  astronomers  began  to  object. 
They  brought  the  problem  before  the  Royal  Astronomical  Society  in  March 
1898,  but  Downing  had  already  reached  the  Admiralty  with  his  arguments, 
and  the  committee  apparently  knew  it.  With  the  review  committee  of  the 
Society  favoring  Downing’s  arguments,  the  Greenwich  astronomers  backed 
down."®  (The  French  and  German  astronomers  appear  not  to  have  gone 
through  such  an  ordeal.)  The  solution  reached  in  both  England  and  the 
United  States  was  to  provide  a  transition  period  for  the  almanacs,  and  to  use 
the  old  constants  for  the  apparent  places  of  stars  in  appendices,  in  this  way, 
observatories  in  the  midst  of  a  catalogue,  such  as  Greenwich  was,  could 
finish  them  on  the  same  basis,  and  switch  to  the  new  constants  for  a:iv  new 
work."*^ 

The  ephemerides  that  appeared  in  1901  were  calculated  with  the  new 
constants,  following  the  resolution  of  the  Conference  of  1896.  The  constant 
for  solar  parallax  vv.is  the  only  one  adopted  outright.  Calculations  employing 
botit  the  old  and  new  constants  for  precession,  nutation  and  aberration 
appeared  in  the  volumes,  with  those  of  the  old  constants  relegated  to 
appendices.  While  the  British  chose  only  Newcomb’s  value  of  the  mean 
oblitjuity,  the  others  used  both  values.  Auvvers  did  not  publish  his  star 
catah^guc  until  1904,  so  the  ephemerides  ad('ptcd  Newcomb’s  new  st.ir  list, 
but  the  American  office  added  correctit>ns  to  the  list.  '^ 

'The  tables  of  the  Sun  and  the  pl.ineis  developed  in  the  Amerie.m  office 
were  .ulo[)led  univcrsallv  by  1903.  In  the  1901  vohiines.  ct)inputei.s  al!  cm 
ployed  the  Almanac  Office  tables  for  the  Sun.  Mercury,  Venus,  jiipiici  ind 
S.uurn.  Hi>\vevcr,  the  Americans  were  the  only  oiiCs  still  using  Neweorjjb  > 
e.irlv  Uranus  and  Neptune  tables;  the  luiropeau.s  cmpluyeii  the  Baris  Obser 
v.itoiy  tables  published  by  Leverrier  in  1H81.  By  1903.  Ne\\eutjtb\  i.ibie  lot 
M.jr;;,  and  his  iipdateii  tables  fur  Uranus  .uul  Neptune  had  beeii  publistied 
and  lijese  .dso  e.;ine  iiui>  general  use,  leplacing  l.evenier’s.  'I'heNe  .»sironoini- 
e.il  e»  ust.iiiis  and  t.ibles  with  occasional  iiuHJific.itinus  reniaii'.eii  m  genei.d 
use  until  the  .uivvu.t  ijf  eleciroii’e  computers  and  c.trih  satellite.',  tii  liie  P>5(K. 
Lvuientf  from  s.itelliie  observations  .uid  ciunpuiei  talculitii/iiN  um.i'cU 
neiess.iiN  adjustmenis  in  the  eonsi.ints.  .ind  these  were  uucie  .uu!  a  ..t 

a  ci>nfcieuce  in  |9(iL 
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AN  OVERVIEW  OF  THE  U.  S.  NAVAL  OBSERVATORY 

(jarc  Wcsicrhout 
Scientific  Director 

It  IS  uiy  great  pleasure  to  welcome  you  to  the  fifth  and  last  part  of  our 
150th  anniversary  celebration.  'I’he  other  events,  for  those  of  you  wiio  were 
not  there,  consisted  of  a  series  of  official  remarks  on  Friday  morning,  a  sym¬ 
posium  on  histoticiil  items  on  Friday  afternoon,  a  feast  at  which  (.‘ommander 
Hammer  was  carving  a  pig  -  1  think  liie  head  of  the  pig  is  still  in  the  refriger 
ator  and  on  Saturday  a  tremendously  successful  open  luuise,  which  was 
attended  by  a  number  of  people  estimated  conservatively  at  6100. 

in  this  last  part  we  arc  going  l\>  put  the  past  behind  us  and  discuss  what 
we  are  iloing  at  the  V.  S.  Naval  Dbsei  vcioi y  today  and  what  we  are  planning 
to  do  ill  tiie  future. 

I  always  like  to  call  tt>  mind  John  (,)uinc)  Adaiii>,  who  is  the  [vrstui  who 
was  really  ciiiliusiastic  m  the  1820s  about  setting  up  a  nationai  obse  rvatory 
but  never  gof  there  because  he  w.i.s  always  doing  cv.i.'Iy  the  opposite  of 
wliai  C‘»)ugiess  wanted  to  di».  in  fact,  it  was  because  (it  J»>hii  (Quincy  Avi.lm^ 
that  the  ( Hnervaiiu  y  is  not  run  I'y  the  Siiiithsiini.ni.  Wiicu  James  Smiilis  in 
g.ive  the  big  gr..'U  to  the  V,  .S.  iioveniment  to  do  ^olnetiling  in  scieiue.(‘'m 
grtss  accepted  the  gr.int  with  thanks  but  .idiled  a  footnote  ti»  tiu*  Los  vising 
iliai  this  iiumey  shaii  uiidei  no  circuinslances  be  u.sed  to  set  up  a  iMMonal 
?  bsei valors  .  C.oiigress  ihd  that  because  join,  (^umes  .'\d.uns  iniiiievU  »o  b, 
prop*ised  C(>iis!i uctUiU  of  such  an  obsei vat./rv  with  tiu*  inouc  •.  fion; ’'•u.ii!; 
son.  .So  we  Wo, lid  have  been  tiie  .Snmhs'»in.in  N.aioiial  t  l*b>ir\ .iioi  \  tna.-.ul 
nt'  the  I'.  S.  Naval  Observatory  if  Adams  haHn'i  had  s‘*  mans  t  nemtis  in 
(longress. 

Fi>T  tluisi'  ot  Us  who  o^ casloii.dl V  fojget  what  tiie  D.  S.  .N.ic.d  tlbseiva 
loi\  »s  .ill  aiHiut.  let  me  jiiM  repeal  tiie  nii>s5on  si-ttensent: 

.Make  suvii  observat'oiis  of  cele.sllai  f>ov.lus,  u.itural  aiul  .a ;  ilu  .  I .  d,.- 
nve  .*;id  publish  suHi  viaia  as  will  aifv>rii  t^i  i/nited  .Stale. s  ,\.c.;d  Vi  s- 
%r!s  ami  .ur^r.ift,  as  weii  as  ’i.‘  all  a'.adnig  lluinseice”.  tiuii  *  t.  lU  ans 
to;  safe  navigation,  iiuiudmg  tlie  provision  r.l  acciiiale  tumu 
v.ioie  piuMim;  tins  prim.iiv  function.  oninhuto  HMtcrsal  lo  ih;  gt!i 
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cral  advancement  ot  navigation  and  astronomy. 

This  statement  sounds  beautifully  old-fashioned  except  for  the  words  “celes¬ 
tial  bodies,  natural  and  artificial,”  wdiich  indicates  tiiat  this  mission  was 
changed  somewhere  in  the  late  1950s,  with  the  first  artificial  satellite.  So  it  is 
not  all  that  ancient  a  statement. 

For  the  guests  among  us,  I  want  just  very  briefly  to  put  on  a  slide  of  our 
organization  (Figure  1).  so  that  you  know  where  the  other  speakers  in  this 
afternoon’s  program  fit.  The  Superintendent,  of  course,  is  in  charge  of  all 
divisions:  Administrative  Management  Division,  Public  Works,  Supply  and 
Fisc.d.  Security,  and  scientific  divisions  —  the  Transit  Circle  Division  (Dr. 
Flugh.es),  Nautical  Almanac  Office  (Dr.  Seidelmann)  and  Time  Service  Divi¬ 
sion  (Dr.  Winkler).  The  Time  Service  Substation  in  Richmond,  Florida,  is 
directly  under  the  'lime  Service  Division,  and  the  Flagstaff  Station,  under 
Dr.  Abies,  reports  directly  to  the  Superintendent.  Finally,  the  Exploratory 
Development  Staff,  under  Dr.  Rouily.  reports  to  the  Scientific  Director.  The 
dolled  lines  in  Figure  I  mean  that  I  have  the  scientific  coordiruiiotj  .uui 
sujxTvisi^^n. 

Now,  to  put  today ’s  talk.s  in  perspective,  let  me  briefly  discuss  the  goals 
of  the  i)bservaiory.  'I  bis  will  then  pr«>vide  the  framework  within  which  the 
■thers  will  be  speaking,  d  he  Transii  Circle  Division  is  m  charge  of  deter¬ 
mining  the  exact  posituins  and  motions  of  the  stars,  v  .  compiling  >tar  cat.i- 
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logiies,  and,  most  importantly,  of  establishing  the  tundamental  stellar  refer- 
ef)ce  ^rame,  1'hc  Nautical  Almanac  Office  prepares  the  almanacs  (which 
includes  developing  the  underlying  planetary  theories),  and  is  in  charge  of 
providing  data  on  all  astronomical  plienomena  tor  the  public.  The  Time 
Service  Division  determines  universal  time  and  atomic  time,  and  provides 
clock  synchronization  worldwide.  The  Exploratory  Development  Statt  is  in 
charge  ot  astrographic  catalogues  as  well  as  double  stars,  and  tt)gcther  with 
the  Flagstaff  Station  is  providing  the  extensive  parallax  detcrminatiiins. 
Finally,  supporting  R  &:  D  is  pertormed  both  here  and  in  Flagsratt.  Fl.igstatf 
is  mainly  an  R  D  station. 

tile  speakers  who  follow  will  be  discussing  this  supporting  rese.irch 
in  Siiine  detail.  I  would  like  to  concentrate  at  this  point  on  some  ot  the 
thi.Mgs  that  are  needed  in  order  to  keep  up  with  our  mission  and  to  tuitill 
the  mission  in  the  way  that  it  is  supposed  to  be  fultillcd,  namely,  very 
weM.  Our  needs  over  the  next  20  .>()  years  include;  1)  More  accurate  star 
positions.  Already  it  is  clear  that  the  star  positions,  as  needed  by  the  United 
States  Navy  and  the  Department  ot  Detense,  arc  almosr  getting  to  the  point 
tiiat  they  aie  lUit  accurate  enough.  I  am  speaking  here  not  only  ot  the  opti¬ 
cal  but  also  of  the  infrared  and  ultraviolet  ranges.  2)  The  Earth's  position 
with  respect  ii>  the  stars.  I  mean  iicre  the  motion  ot  the  Eai  th  in  ii>  orbit  as 
well  as  us  riit.uion  and  th.c  inllucMice  ot  the  other  solar  system  bodies  o\\  the 
F.arih  and  its  motion,  .i)  'iT.e  urea  ot  timing  capabilities,  including  a  thorougla 
u['gradmg  ot  the  Master  Clock  aiivl  better  chick  synchrtinizaiioM  wotldv/uie. 
'i’he  clo.ks  .irouiu!  liu*  svorld  that  are  taken  care  ot  by  liic  Tniiv  Service  Divi¬ 
sion  will  be  revjuir-ed  to  be  belter  svnehronized  with  iiie  .M.isiei  (’iiu  k  iiere. 
-1  ( )rbu.d  morion  predictions,  i.e.,  celestial  nu-i.hanics  leading  to  tlie  matefa! 
dull  goes  into  the  alinanacs.  All  ot  these  needs  iccjuiie  basic  research  as  '.sell 
.cs  e\pioi,Ui»ry  developineiu;  new  nieiluids  and  ec|iMpmeni  are  recp.-n?e-i  \  » 
v.itis{\  them.  Such  rescau'h  an  be  done  .u  ilie  N.oal  ( >bsi :  vatoj  \  .  ilie  r..}*,a'i 
Isrse.ntli  L  d^i^iraiof v .  t.tiicf  Nac\  ami  DoD  ntsrallat ions.  un»vt-i .. .. 
tiulusuv.  It  should  be  tunded  »v  *hc  Nav\  and  DoD. 

We  iuive  a  bit  i>t  u  piobh.in  in  the  Naval  Olise*. vaiof \  ao*  e.u.upts'. 

d  iiat  Is  .1  [ifoblcm  in  oui  genet. d  vieaimgs  ssuh  ciie  I  H  pa:  tiiK  iu  «  -i  D  re:;y. 
and  the  <  ivivcf nn.eiu.  as  well  as  with  eur  v.t>deagia  \  in  tlie  a>t2 ouonin 
Ao{(<}.  I  lie  reason  is  that  v«r  arc  ic^jeircii  ii»  h.ue  a  d^uu  » .si'.d'-'.u-,  fu  o,.- 
liist  piavc,  we  ale  tieimue!)  uo-jaired  to  preuturs*.  We  ii.uc  !<>  dos  v  niuau 
\i.Ka  t»n  seheciule,  wiietlief  m  the  tonn  ot  ahnattais,  pie^isc  time  rixp-'’;./  i  e» 
a  econd’s  notue  ,  or  star  vatalogues  tot  w'im.h  prta.i>e  ptisuions  o: 
o-  us  i,'.t  piJsUnms  are  icijuned  ,<?n  scuncwiiat  hangvt  notuc  .  We  iue.e  p; 
xUivV  a.si! onosnival  i1.*la  tor  a  usei  ipsite  a  tlrltetent  ■v.’u.Utoti  tiuei  :cpii,oi> 
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exists  in  a  university  cnvironinciit. 

At  the  same  time,  in  order  ro  provide  a  tjuality  product,  we  li.ivc  to  do 
the  fore  front  R  dr  D  that  allows  us  to  provide  the  product  with  the  necessary 
accuracy.  We  are  the  only  institution  in  the  United  States  that  determines 
fundanicntal  stellar  positions.  Wc  are  the  only  source  ot  E.irth  rotatii)n  data 
in  the  United  States,  although  tiie  National  Geodetic  Survey,  which  is  cur¬ 
rently  responsible  tor  th.e  determination  ot  polar  motion,  is  planning  in  the 
next  tour  years  or  so  to  measure,  via  VLBI,  all  components  ot  Earth  rota¬ 
tion.  We  are  not  cjuite  sure  yet,  howevt  ,  iu.w  i’  is  will  satisfy  ti»e  day-to-day 
DoD  users.  We  own  a  Master  Clock  which  tar  outweighs  any  other  in  the 
world.  We  are  solely  responsible  tor  improving  our  t^wn  operations,  and  we 
have  the  expertise  in  many  areas.  I  hat  is  to  some  extent  a  prohlem  becaiiNe 
we  have  tt)  tlo  both  aspects  ot  the  work. 

Here  is  another  example  ot  why  we  must  continue  lotiking  to  tiie  luture. 
We  are  at  a  juncture.  Until  ten  years  ago  w'hatever  we  produced  was  alwav  s 
ten  or  a  hundred  t>r  maybe  a  mllhon  times  better  than  anybody  needed.  ‘I  his 
heit!  lor  star  ['ositions.  tor  the  provision  ot  precise  time,  and  it)r  the  obser¬ 
vations  that  were  made  to  assure  the  ‘judiiy  the  almanacs.  Kapiii  ledino- 
h>‘;ical  tlevch 'pineni  ius  suddenlv  changed  that  vvliole  situation,  j  i-.e  reciune 
menis  liiat  '.‘e  now  get  and  the  expected  tntuie  demands  .iie  siuii  t.h.tt  .i 
cjuite  major  eitoi  t  by  the  Naval  Uh.servatoi y  is  in  order  ti»  meet  those  tuture 
rccjuireineius.  And.  ot  course,  wlien  vve  ask  tiie  various  users  to  do  stiinetinng 
.«bvmt  it.  we  alw.»ys  hear  this  staleiiieni:  "Why  should  we  pay?  You're  sup 
posed  ie»  pr-ovide  that  according  to  your  mission  statement,  so  wh\  are  v  ou 
asking  ns  lor  iiumev  ?”  AccuravV  impfovvmeiu  in  all  the  are.iS  in  vvl.uli  we 
•ue  working,  with  wii.itever  niwaiis  we  can  re.oii  it.  using  the  inosi  intHiern 
•means  oi  M.ience  and  teciinolugv,  is  in  inv  •>pinu>n  the  name  ol  iiu*  a.njte 
over  tile  next  I  .  years. 

l.e;  me  mention  vviial  I  vvassuier  to  be  the  mau^r  projoits  nteiie.i:  } 
L‘pgr.!dr;:g  ihe  Master  (  lock  to  make  its  preiisum  at  least  .»  lavio:  ol  ten 
better.  ,li  l)evelopmg  iime  iiaiisiei  :ev.hnology.  l.  e.,  getting  tune  ii>  )tiHi 
j>at{s  of  tile  globe  with  an  .uvUiacv  iar  surpassing  pieseiu  Wii  •tini 

we  .h*  til. It  by  fanning  o*  s.i'elltlrs,  Veiv  I  ong  iV.tsehne  hilei  5v  i onn  tr \ 

Vl.lU  .  o:  -x’l.i  the  (dfb.d  iovnitonmg  Svstein  liIxS  o,*  ot?.-.:  -.if -hue  . 
teni;  .  is  anothei  nMltci  tiial  '.s  wiicie  tin*  ressarth  aspect  «.ojtu  s  in.  '  {in 
pltwing  tile  I undaiiK  iilal  stellar  icleuuui.  tiame.  Veiv  tjeiiinoft.i 

tioi,  wt  .',11  pi  virioii'  .md  iiJoiiun  .  i.  .jiiiies  nnpiovevi  Ikuim:  leo'.,  .p.  , 

.itiiei  niethi  Os  ot  ine.4Mifii5gj.irge  .iligle--.  .uui  ..viiltes  of  the  .itm- e.  pn, 
o-  viiU  wi.?k  \s;ii  lo  he  diitii.  troiu  tiie  stoI.:v;  ot  ti  e  I  .:ft  .  eu» 

n  ui  the;,  tote  beltei  kse  v  tiu  .liinospiieie  hut  .  toe  n^ ;  e.  i-  :  .  i- 
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improvcti  fundanicntal  reference  frame  will  perh.ips  lead  to  an  astrometric 
satellite,  a  satellite  that  c.;n  do  those  mea.surement.s  that  are  needed  with  the 
greatest  accuracy  in  the  same  environment  in  which  space  vehicles  will  use 
this  information.  4)  And  finally,  better  knowledge  is  needed  of  the  motioiis 
of  the  planets  and  the  Earth. 

Willi  that  overview  of  the  needed  projects.  1  will  open  the  floor  to  the 
speakers  of  the  afternoon. 


1984  AND  2001:  THE  CURRENT  AND  FUTURE  ACTIVI  IIES 
OF  THE  NAUTICAL  ALMANAC  OFFICE 


P.  Kenneth  Scidclnrinn 
Director.  Nautical  Ajnufuc  Office 

I  tliink  we  could  compare  the  celebration  of  tiie  iSOth  anniversary  of  the 
U.  S.  Naval  Observatory  to  liic  story  o(  A  Lurid  by  Charles  Dick- 

ens.  The  cv^-  - ;  Friday  afternoon  were  an  indication  of  the  Observatory's 
spirits  past,  tfie  event  Friday  evening  was  ilie  consumption  ol  the  spirits  prci- 

ent.  and  today  wc  arc  to  have  talks  by  the  spirits  oi  the  ObservatoryN  liiturc. 
IWlorc  speaking  of  the  future.  I’d  like  to  s|>eak  just  briefly  about  tlie  begin¬ 
ning  t»f  the  Nautical  Almanac  Office,  which  really  was  not  150  years  ag‘.>. 

The  Nautical  Almanac  Office  did  not  start  until  1849  we  had  some 
comments  last  Friday  concerning  the  reason  why  the  Nauticai  Alfn.*nac 
Office  was  separate  from  the  Naval  Obseivatory.  Actually,  the  ^iaulaa}  Al 
iiuiiac  tMf'ice  joined  the  U.  S.  Naval  Clbservaiory  here  m  Waihiiigic.n  aht>ui 
189.L  From  'Table  1  yt»it  can  sec  that  not  ‘inly  were  w<  ?dovv  sr.*Jting  with 
lesiVi!  to  the  Naval  ObicrvaLuy ,  wc  were  a!ra>  dow  tioin  .nt  murnalloiiai 
pt»im  of  View,  The  Frciuli  have  been  prudiumg  almanacs  for  300  \c.iis.  the 
iSntish  tor  over  2tKI  \eaf^.  and  we  are  the  ftilh  entry  with  K, 3  ^«.af^.  'Mu' 
fir>!  three  countries  arc  now  using  our  puhlicalion  m  a  ctKJ|Viati\e  ptep^u 
alion  .tiivi  puhlicatioi*  effort.  ThU  also  indicates  the  mtcrnational  iharacter 
of  the  Work  we  di».  preparing  puhlicalions  that  ifuisi  of  the  countrKs  *4  ih-c 
w'oilil  cither  use,  imitate  oi  duplivate. 

fable  2  Is  a  list  i4  tile  puiillt.ation'>  that  we  arc  »>OHiacing.  the  fis  w  titii 

1  Ine  1.  Imli.i!  i*f  i  i'f.t'ir.t 


I  -  ./ci  /*'«!;•  j  Itanvc 

iii,-  \juSU  M  Alintfftai'  unj  al  i  |>•Urtrlrni  i.iral  ILiiatsi-  l7?iT 

istfi'fUiininitfi  lattti*ut.h  t  ^  .'n 

/  ft'fttcnJfi  lilf  .'fii’wu  a*  Spain'  i  .  •?  J 

/ i;r  /  i*fwm<‘fii  an*!  Saut»%al  (-..•nUcJ  S{ai<»; 

.  jr/^^ioms.iHi*  I’.SS.K. 

tai'.-.’tinr  1 1‘tu'ttti-tu  I'f'S 

It.iii.ifi  i  afui  Alnt^tOi. 
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Table  2.  !jvriv.<  htblishvJ  by  the  Wutticr.l  Almaiuic  Ojjtcc 

The  Astri^noinical  Almanac 
I'lte  Nautical  Almanac 
Tlte  Air  Almanac 
Astrotiomical  Pltenomcna 
Almanac  for  Ccmputers 
iHanetary  and  Lunar  Coordinuies 
Sijiht  keditction  Tables 
The  Tphtmeris 

1 1  S.  Naval  Obsen*dti>ry  Circidars 
Astronomical  Papers  of  the  Americoft  i  'phemeris 
Ihtblications  of  the  V.  S.  Xai^i/  Obsert*jtory 

tor  ‘l‘lic  Atncricdii  liplwiucris  uitil  Sdnticid  Abnaniic  and  'tbr  Asttt>Hi)nn(  al 
tip/u  tncris  is  The  Astronotnicul  Alntiinoc,  beginning  witli  the  edition  tor 
1981.  I  also  wish  tt>  point  out  tlie  publication  Phinctary  and  I  iniiir  Coardi 
nait  s,  wliicii  prt)V‘des  epheiiicf  ides  tor  the  Sun.Mo'.m  and  planets  .it  r*  .’’Keii 
accuracy  and  turthci  in  advance.  Tbc  current  edition  of  ibis  publication  is 
tor  1980  1984.  ilic  next  editii>n  will  be  tor  1 984-2UOO.  The  publicainuis  are 
prt)duccd  within  the  ottice,  wivli  the  principal  responsibility  borne  by  l‘aul 
Janiczek  ami  LeR  >y  i>t'.ggeti. 

in  atiditiwii  to  the  publications,  we  also  {iroduce.  to  the  extent  possible, 
whatever  ilata  |)ct>plc  want  in  the  torin  that  thev  want  it.  I  his  iiuludcs 
iiucliitie  readable  data,  computer  printouts,  printed  t.ibles,  U  g.d  v.eri»tua 
lions,  iettefs.  and  predu lions  ot  eclipses  aiui  occultations.  tins  efton  i> 
lusitalU  by  Sol  Elvove.  jean  l)udley,  Marie  Lukac,  Ken  EuU.kit  eti.  .Alan 
Fiala,  loin  Van  I’iaiulern  and  otiicis.  Our  publications  and  data  .*ie  pro 
duced  not  »Md\  lor  llie  Navv,  the  Deiense  I  Vparinieiil,  .jiul  »>lher  .;;>\efn 
nu  m  apv•lu■le^.  but  vsisi*  t^»l  the  :>iien(ttn  cominunit\  aiui  the  geui  i.i!  putdt.  . 

Siinilailv,  o,.ir  ie.veurei»  i>cnelils  not  »inl\  the  goVvinm.  ut.  ihi  Ik  U  use 
lk‘paiimem  and  the  Nav\,  but  also  the  st.un'tl{v  womnuimts  in  I  .tb’e  \ 
k.urrcni  and  luture  a^-curavv  ie;|uueinenis  ate  spCLiticil.  It  is  fm-.ut  iniyfoM- 
ineiit  that  we  must  adiitess. 

vine  ol  tail  researvh  ettt^nis  i\  tiu*  piep^altoit  «  !  (lie  lut!iia‘ii<  nt  .’I  v  pin 
ineinies.  Vaiious  w t>ntnu'*.ils  can  be  ma»ic  about  the  tail  that  the  j  \  \s  ephe 
iijcrule  .  aie  to  i>e  iniiw.iiucd  for  IVkS  *.  the  \e.ii  made  fatnou--  i'\ 
tkwelh  A  ieicni  atucle’  lias  grapluvalr.  iiopiavcct  (he  liisttU'.  l  '.h«  !>.  t- ? 

nunaliotts  of  ilie  mass  «•!  Pluto  t.Figvue  i  .  and  tinuiuiiivi  that  :«»  1 ‘ux  1  tin 
tiUs.  of  Piuvo  sm!I  bts  ‘  me  negative  it  t*.  this  kitui  ot  appli.aU>>{!  .  t  •  >m  • 
'.iteiilifu  \s»«ik  liia!  flat te:  V  a  j  ef  .on. 

Wt  »:v  I’fepatmg  itess  fumiainentai  t  phemeo.tes  ‘h  .  r'  .  n* 
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theories  jack  the  accuracy  required.  The  improved  accuracy  alfccts  the 
posiiiofii  ot  the  Moon  and  planets;  it  aflccts  how  the  planetary  cphcinorides 
;irc  used  to  determine  tiie  lunar  ephenicrides;  it  aflects  the  tidal  calculations. 
rf>e  hbration  t)t  the  moon,  the  location  ol  the  equinox,  aiid  our  under¬ 
standing  of  the  solar  system. 

I'or  this  purpose,  we  began  a  program  to  introduce  new  astroiu^mic.d 
constants.  Alter  Dr.  Norberg’s  talk,  which  recounted  the  prtdilcms  Newcomb 
had  in  introducing  asiioiiomicai  constants,  mie  person  cmninente.l  to  me. 
“You’re  not  having  it  so  bad.  Ken!”  We  are  having  some  problems,  ami  we 
arc  in  a  ditlerent  environment.  The  determination  of  astronomical  data  .md 
constants  is  much  more  rapid  today  than  it  was  it>  the  I890’s.  One  Voyager 
mission  going  past  a  planet  learns  a  lot,  and  it  becomes  km)wn  ijuickly  and 
at  t  ur.Jtely . 

One  ()I  the  improvetnent*.  neeilcvl  is  the  licterimn.itiun  and  intr<uiut tn»n 
ol  a  new  theory  ot  natation,  hi  this  eltort  there  is  ct)i)peration  wit.iifi  tiu* 
Naval  Observamrs.  ‘I  lie  hc..‘vy  line  in  I'igure  2  indicates  a  coinpafis  ni  ot  du- 
new  n 'taiion  theory  with  the  current  ivutation  theors,  width  i%  i»n  the 
str.tight  Imc;  the  boxes  imlicate  the  nutation  values  determiried  tnim  tiie 
data  being  obtained  from  the  radio  inierlertuneier  at  (ireen  LL.nk.  Thi^  plot 
is  by  iieofge  Kapl.m. 

We  need  an  equim^x  lor  the  FK.S,  an  origin  ti>r  the  timrdm.ite  syst.em. 
and  tor  the  (•bseiv.itioii.d  perutd  vve  need,  v.  lues  lor  Sl\  tb.e  ditteirfui-  be 
tween  ephcmeiis  tune  and  nmveisal  time.  I’igu.»'e  d  i.ives  a  j’loi  ot  A/  t‘>r 
IdEU;  the  eross.-.s  are  lirouwer's  v.tbies  .md  the  urtles  aie  a  rev  cnt  anal 
.sis  b',  loin  Van  i  landetn.  and  .Matie  l.uk.ic.  .A JaitjoiulU  .  svr  nei  ii  t  >  Ac\A 
op  t'.ew  geneiel  thcones.  witieli  Is  an  cttorl  b\  Fcier  I  spensvhicd  .uui  I  o;n 
Van  riaii.lern;  tv*  jvriorm  :iunKti4.ai  iniegrutious.  wiiuh  o  the  .swik  <■’ 
tleoi^e  Kaplan;  lu  detxri.ii!«e  pafll.ds,  whiui  ;s  K«  n  Pulkkincn’s  a.tisi's  :  u-e  ! 
to  wolicvt  all  ihe  obsen  at:-.>n4l  iiat.t  and  vompaie  U  with  these  ep  iiv  tiier  . . 
wiiuh  w  the  elKut  ol  l.noe  .S.tntoii*.  wttii  tiic  iulp  ol  I  d  javk%oti,  of  ti;« 

t'l.ilr..;  s  Kvie  Dutsloa 

I  .a  'W  what  tnis  liK  alts.  I'iguie  -♦  i»  a  plot  fi»;*  of  vhe  ‘UMv'i  e -i  v  s' •. 

.jj  li^.  !  as.i'nstoji  i>c{\\i-cn  Tjte  oto.c! \ ut los: *  an;i  ’.'u-  vpiu'inef!:  to..:  v. 

,  ijj  r,  ti'.  pi  4.1  l /:•.  i  ‘  fu'-nor.;;,  ..'i  If?  t  'Asll  c.rant  t't'a!  IM-.:.'  i-. 

the  Atij,;  tuse.  .nnl  Pinto  v\  .il  !o  tn*  .v  pioiaeiu  .In.  t  -  "i  ? 

>n%'.  v.OioStai  ijistius.  I  igtnc  is  a  i.otiipai  .\s»n  lu'twi'ej:  tir.  linJ  • 
sain  and  a  tu'W  epivrn;.'r;s  m  rtgh;  .tsv \  o,.  ;!'..iS  a  Og'sis!  ‘ 

tnipii  '.'-nu  n'  U..s  t.ik.  n  pi.os'.  We  i  nt  lUo  wonip.4fe  oe.  t;  ‘  ;  c- 

vt  Pb.'to  a--  >  U!Js-t-tI\  :--..*id.-du'»i  logn.'l  .-.tul  du  ?  •- M,1  •  S:,  '.  v.S 

spi.-s  'neii  t  V  .  I  ssU;  ;,  !nin  :«*  tne  ..p.u o*  '.vn\  i  "  •’  u  t  * 


t  ’'‘‘y  -J 
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Fig.  2.  Dillciencc  between  new  and  current  (pre'1984)  nutation  theories  (dashed  line) 
and  difference  between  observations  and  current  nutation  theory  (boxes). 


l  ie-  3.  Dlllcrcncci  between  ephenuris  lime  and  univcivai  time.  tK20  S’<<r>U. 

Urnnwer  and  Van  i  Lndcjn  .Oui  l.ukac  .tiules'. 
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look  as  good  as  it  might  and  whether  there  are  systematic  differences  in  that 
plot. 

Let  me  take  another  representative  planet,  Saturn,  and  compare  the 
observational  data  in  right  ascension  to  the  published  ephenieris  (Figure 
and  to  a  research  ephenieris  (Figure  9).  There  is  no  systematic  difference 
here,  but  then  we  look  at  the  declination  observations  compared  to  the  cur¬ 
rent  publication  ephemeris  (Figure  10)  and  the  improved  epherneris  (Figure 
1 1).  Here  we  can  see  the  improvements  take  place.  There  is  a  need  to  look  at 
the  systematic  effects  that  are  left  from  these  comparisons.  This  is  a  glance 
at  tile  eUort  to  determine  improved  fundamental  ephemerides  for  the 
planets. 

Lei  me  go  on  to  other  research  activities.  Figure  12  shows  the  observa¬ 
tional  equipment  set  up  in  Russia  for  Alan  Fiala  to  observe  a  solar  eclipse. 
There  is  additional  confidence  in  your  predictions  after  you  have  checked 
them.  These  observations  also  provide  a  unique  way  of  tying  together  the 
.solar  and  lunar  ephemerides.  During  a  solar  eclipse,  the  two  ephemerides 
must  agree  with  each  other.  There  have  also  been  reports  that  the  si/e  of  the 
Sun  b  changing.  From  observations  of  eclipses  obtained  today  and  from 
observations  obtained  in  the  distant  past,  vve  can  tic  down,  we  hope,  the  rate 
of  change  of  the  size  of  the  Sun.  As  showm  in  Figure  12,  a  telescope  is  used 
uj  project  tlie  image  onto  a  screen  and  the  image  is  videotaped.  We  are  look¬ 
ing  for  the  precise  time  of  contact,  p.*. .  .  !  ' .  diC  contacts  ;'l  the  edge  ot 

the  path.  'The  observations  are  made  at  tlie  edge  of  the  path  S(>  that  the  actu¬ 
al  limes  of  events  caused  by  the  lunar  limb  can  be  observed. 

We  are  .i!so  interested  In  the  pla'ieiary  satellites,  so  w-e  have  an  observing 
program  which  is  the  effort  of  Dan  Pascu.  Figure  13  sliows  Mar^  .is  phoio- 
grapheii  with  a  filler,  .so  that  the  two  satellites  of  Mars  appear  against  .i  st.ii 
b.u  kgr(.uiu}.  I  he  same  type  of  observations  are  made  lor  Jupiter.  Figure  \A 
shows  si\  images  of  Jupiter  with  its  satellites,  .md  Figure  15  is.i  piiuti.gr.iph 
ot  .S.itmn  .uid  iu.-  satellites.  This  effort  has  been  in  cooperation  with  NA.SA 
to  impriive  the  satellite  ephemerides  .is  requiretl  tor  the  Voyager  miNsions. 
‘i  o  rciiiiiul  voi!  of  tiiose  missions  I’d  like  to  show  a  now  taiiioiiN  pit  lure 
(Figure  If);  of  the  rings  t>f  .Saturn,  with  the  mas>ive  amount  ot  structure  ili.i' 
is  present  in  these  rings. 

We  ,ire  .ilso  iiuolve<.l  with  the  .Sp.ue  ielesiope  W  idetiehl;  fM.uiei  u'\  t  am 
ei.i  luvestigaiion  Definition  IVani.'  ‘iJiis  instiuinenl  will  u.se  a  vii.nge  <  nu 
pled  device  tCiCD)  as  a  iletccior.  A  ground  based  caineia  is  now  .iv.nl.dde  t-  r 
tile  le.nu  s  le.niiiiig  and  testing.  We  h.ive  in.ule  oi'serv.itiuus  witli  this  i.nnvi.i 
Ui  le.irn  how  in  ohserve  with  tlie  device  tii.it  will  he  on  ilie  .Sp.ut  I.  Lsioiv  . 
to  tesl  the  .istr« mielric  ce.p.ibiiities  ot  ilu  t.C  D.  ami  also  to  do  soiue  siieine 
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rfu- i»«f  tiso  'iMS  i»iJ  iitio  Vr’  TmS*  islii '  Tr.ii" ’h*i  : 

llClfi 

Fij;.  S.  Sa.nrn:  (iifforcpce?  in  right  asccnsioi!  »^ctwccii  obrcrvalions  and 
Atnericijft  liphemeris, 


p.  n.  -  IRU  !Fn:.i  t  PMt  Mf  HlS 


>'.i  .♦tii  .♦*)  '‘.Vi-j'  I»i5  t»'i  1»V4  ‘‘‘j  .»*•  ■■**••  « 

tdJI 

Fig.  9.  S4tur»K  dificiciKcs  in  tigiil  a>tcu>iun  hclwccp,  t>birrvati*.  n4  ^nd 
improved  cphcincri>. 
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Pilj  :7^i  iioj  miu  itjo  itto  i»«9  ityo  iii»3  uad  m-r-  mij  m  r  wt  u*. 

ri«»4 

Hg.  10.  Saturn;  differ  ii  c>  in  dicclin.,iion  between  observationi  and 
.*l  r»u  nV j«  liphemrns. 


Hi)  i«*j  .*’i  :»•.  v*»J  .*  i 


I  u-  1 1.  .Saiuiii:  vlitlcrciHC^  in  declinatii betwrvn  ttlncnaiitju*.  and 
nn}Hi‘\ed  r|»licJMcn>. 


V, 

0. 


in  llu'  priuvsN.  TIk*  lup  inia^c  uf  I'igurc  17  sl)(.)\vs  Saturn  with  cvfrvtlnn*;  \vi* 
kihuv  about  Saturn  blockoil  out;  Saturn  aiul  the  A.  U  and  C  rin^s  arc  beinnd 
tins  mask,  and  we  have  masked  uH  the  satellites  »d  Saturn.  I  his  was  taken  in 
March  l‘)S()  at  the  Tlagstalf  Station  of  tlic  U.  S.  N.  '  al  Observatorv  at  the 
time  of  tile  rini;  pLne  crossing.  *I  he  middle  ima^e  shows  the  same  frame  with 
the  scattered  light  of  Saturn  removeil.  'I  he  image  of  iy8t)S25  now  becomes 
evuiem  in  the  west  suk*  of  the  I!  ring.^  The  botH/in  im.ige  has  been  stretched 
so  that  more  of  the  1;  ting  is  evident,  and  Saturn  ami  the  A,  li  ami  C,  rings 
have  been  sUjvnmpose*i  iioin  another  ini.ige.  Ihsi.uue  scales  witii  units  of 
Saiinn’r  i.uiuis,  and  iiie  orbits  ot  ilie  known  s.itelhtes  are  indic.iied  .uioss 
tile  bo/iioin.'* 

After  piv)pef  tiansfia  mation  of  six  tiifferenl  exposures,  we  find  the  d.is 
uibulion  of  tile  h  i  mg  material  shown  in  I  iguie  IS."*  'l  iie  unexpeeieii  eon 
ehisitui  i»  mat  ilie  mateiiai  has  a  m.tximum  %iensii\  at  tiie  orbital  in'.t.mee 


>! 

A 


of  lauehidus.  Tiiai  raises  tiie  ejueslion  i-i  ui;y  llu  re  is  a  stable  rmg  oi 
material  at  '.lie  same  tlisiaiue  as  the  saielliti.  s.  fiieie  is  no  .ipj  iiem  mutnee  m 
tile  distribution  of  k  ring  material  wrth  aip,  of  tlic  satelhtes;  tliev  seem  to  t‘.e 
able  to  eoexwt. 

I  base  talked  about  the  tumlamenial  epiumeridcs.  the  eeln 


I'sv*  i5(>\e»\a 


; 

r«* 

ti 


tueis.  tilt-  satiliue  observations  aiivi  ihi  ( '(  I  *  oi>set  vmg  to?  tlie  ''p.io.-  I  ei< 
.vt‘pe.  VKe  also  h.tvc  a  tesiarvii  eltmi  using  file  \‘er\  I  .ucs  Ait  i\  m  N- %\ 
Mexico.  iMsed,  oil  the  uit  .i  tliat  we  tmgio  «»bsv  t\t  mmo;  plam  is  ..t  ;.i  is  - 


-1 
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Fig.  13.  Photograph  of  Mars  with  brightness  ol  pbnet  reduced  with  a  niter 
to  rniphasirc  satellites. 
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Fig.  17.  Images  of"  Saturn  with 
the  pbnet  and  known  satellites 
blocked  out  to  show  the  L-ring. 
The  newly  discovered  satellite 
1980S25  appears  in  the  middle 
frame  on  the  west  side  of  the 
E-ring.  Photo  taken  with  a 
CCD  camera  on  the  61 -inch 
reflector  at  Flagstaff  in  March 


1980. 
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frequencies,  if  this  is  possible,  then  we  ought  to  be  able  to  tie  together  the 
radio  or  quasar  coordinate  system  with  the  optical  coordinate  system,  since  a 
minor  planet  would  be  a  point  source  in  both  cases.  We  also  would  be  able  to 
observe  minor  planets  all  the  way  around  their  orbits  and  accurately  deter¬ 
mine  the  minor  planet  orbit  and  the  Earth’s  orbit.  This  activity  is  by  Sally 
liensuscn,  Cfcoige  Kaplan  and  myself,  in  cooperation  with  K,  J.  Johnston  of 
the  Naval  Kesearcli  Laboratory  and  C.  M.  Wade  of  the  National  Radio  As¬ 
tronomy  Ob.scrvatory. 

Additionally,  we  are  looking  at  how  we  can  improve  tliC  instrun^en- 
tutit)n  and  techniques  of  navigation.  One  of  the  items  that  has  come  from 
this  etiort  is  the  Almitnac  jor  Computers,  which  was  fathered  and  is  contin¬ 
ued  by  LeRoy  Doggeit.  This  volume  has  found  acceptance  among  iiuiividuals 
will:  hand  calculators  and  ctnnputers.  We  arc  also  investigating  the  leasibility 
t>f  a  day/night  digital  sextant  with  a  built-in  calculator.  1  his  is  a  cooperative 
effort  with  S.  Feldman  of  the  Naval  Surface  Weapons  C'enter. 

These  are  current  research  activities.  Ikii,  lest  I  give  you  the  impression 
that  all  is  well  and  all  problems  will  be  solved  by  1984,  I’d  like  to  present  a 
list  ot  c|uestion.s  and  problems  items  that  might  be  solved  by  the  next  cen 
tury  or  2(H) I.  c)ne  ot  the  basic  things  that  we  use  is  a  coordinate  system  with 
tin  origin  at  the  equinox,  reterred  to  the  ecliptjc  plane.  'These  .u’e  concepts 
that  are  lam  :!iar  to  all  of  ns.  *!’he  only  probleni  is,  where  .ire  the  equinox  and 
ecliptic?  Do  we  really  know  what  they  are,  both  in  dcTmition  and  in  deter¬ 
mining  their  location? 

I  nieniioncd  the  problem  of  systematic  elfecis  remaining  in  tiie  ies:diial>. 
Figure  t9  is  pK»i  of  the  declin.ation  Neptune  observaiitms  ct»inp.irtd  t< 
cite  ephemcii>.  With  a  little  miagm.4lit*n.  but  nut  much,  \i»u  c.m  see  that 
there  is  some  smt  ol  a  sssteniaiie  ettcct  present  in  iliese  residuals.  It  sou 
canniit  see  it  there,  mas  be  you  can  see  it  better  in  I'igure  2b  sviih  the  lh.uuis 
declmatn>ns.  Again,  some  si>rt  a  ssstematic  eltecl  .rppe.ns  to  be  present. 

'I  hen  tiu  re  is  .t  perplexing  pri>l‘iem  ot  I'luit*.  ‘Table  4  is  a  conipaiison  <4 
liie  prediU turns  tor  Finto  ,»nd  the  turieni  kiu>\vlcdge  about  Fluto.  Vbut  o{ 
liie  predictions  were  re.»stmably  gtHnl;  liie  longitude  at  the  lime  ot  iiu«.i>vef\ 
being  less  ftian  six  degrees  trom  that  predu  ted.  The  onls  problem  is  {.hat  -l.e 
predu  turns  i*t  Fluio  were  based  on  .t  mass  ot  Fliit<*  s^um  wliete  bt  tsseen  tu« 
.iftd  six  tunes  the  mass  ot  the  Lartli.  We  mus  know  th.it  tb.e  m.ass  ot  Fluto  ts 
in  the  n<*igliboriuM»d  ot  i).tH)2  the  mass  the  Larih.so  ine  pieiiivtions  louKl 
not  povsiblv  be  v.did.  .So  Fluto  w.t.s  disi.e»\‘eieii  due  to  liu-  iju.d.iis  ot  the 
search.  Rut  svli.it  svas  tiic  basis  tor  tfie  pri  div  tu**is' 

Let*  ,  voiisuier  some  other  v|uesfion-s.  Wli.ii  is  the  »..mse  »»l  ib.e  <«i»  er\.,ti'iM 
iiittereiues  between  the  l.Stl'Us  .nul  IblHU, '  '|  here  vecins  to  lu  .i  s\  i.  ni-itii 
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Fij;.  19.  Neptune;  tiilYcrcncc*  in  declination  bctv*^en  objervations 
and  improved  cpi.enietU. 
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Fi^.  20.  I  t4uu»:  dlticfcnvc*  in  dckhtutiou  bclwccu  ol>»crv..:ion>  atu!  unpt 
cphetiiriit,  'howui;;  pu»ijb{e  cllctf. 
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Tabic  4.  iHuto:  Prcdictcfl  auj  Actual  Lhita 


P.  Lowell  ;19l5j 

V'.  H.  Pick- 

Av  tiul 

Mean  DU'ance  (au) 

43.0 

55.1 

39.5 

Period  (years) 

282 

409.1 

248 

Orbital  Ccceiitiicity 

0.202 

0.3! 

0.24 

Longitude  of  Pcrilielion 

204?9 

280**! 

222% 

Date  of  Perihelion  Passage 

1991.2 

1720.0 

1989.9 

Longitude  of  the  Node 

100“ 

109?6 

Orbit  J  Inclination 

lO'* 

15“ 

17!i 

Longitude  at  1930.0 

102?? 

ia,2?6 

!08% 

Magnitude 

12  13 

15 

15 

Mass  (^liarih  =  1 ; 

6.7 

2 

0.00 

dilfcrcnci*  lK*tvvccn  i>bscr  vat  ions  of  these*  time  periods.  Js  that  wliat  is  < 
the  problems  of  the  outer  plaiiefs,  or  is  it  an  indication  of  ouar  problems? 
wily  .ire  tliere  secular  discrepancies  in  the  t>bscr\'ations  of*  Itiiur  f  »ccuhatit'ns' 
Or.  is  the  constant  of  gravity  constant?  Totn  V.in  Flatuierri  will  y>u  liis 
answer,  but  iu>t  e^'eryone  is  convinced.  Is  the  solar  system  stable?  Win  dt> 
we  sec  changes  tcKlay  that  shtiuld  not  he  Continuing  ativ  longer?  Why  .iren  t 
the  c.deulated  planetaiy  theories  as  atcuraic  .is  they  were  desigiud  to  l  e' 
i.’an  you  explain  tile  dyttainics  of  the  satellites  of  Saturn  and  the  ring  system 
of  S.iturii?  Ut»b  Harringttui  of  the  Exploratoiy  Ocveloptncni  5.tatf  i>  woiking 
on  the  satellite  t{Ucsrtoii  now.  and  lie  has  some  less  lhafi  tlattering  ctunmenf^ 
abiuu  iny  iiuuiiion  in  celestial  inech.inics.  I  can  tMily  av  that  i  hase  .?  ii'i  ctj 
v.  t»mpa:u  until  we  understand  the  dynannes  o!  the  co  orbiting  sateliues.  i  ^  i 

h. ips  by  the  twvntvdirst  century,  we’ll  km»\v  the  answifs  i*.*  some  ot  these 
t|ucstions.  I  liopc  so. 

In  conclusion,  let  me  remind  you  that  our  job  is  ni>f  ju-t  t.>  repijri  ihe 
obseisaiitmal  data  and  fit  ephet;!*"ride.s  to  that  data.  'Ac  arc  reuuue.t  t  » 
publish  altnanavs  in  advance.  I  ills  means  iliat  we  Slave  to  pieviu  l  flu  p-».i 
lions  »>f  (he  Sun,  Moon,  planets  .ind  satellites  at  lea-t  hve  \eais  :*»  .*;ivuiue. 
4liC  te.ti  probleitt  iv  predicting  where  these  objct.is  are  gou.g  tv*  be,  -^n  i  that 
fCvpiuev  that  eve  knvjw  >«.>melhmg  about  the  stjlar  Sksslc.;!  its  v-u.:! -'’i  tuo-i. 
tiiv'  Jiiigv  aivi’.md  tile  i'laiiels,  \vha!  satellites  evict,  wficlo;':  tlu  T'/  a*.:  iirtiu?? 
pi.mti  salelhus  or  even  imknowt:  pl.uuis  V\h  iiave  li'»  !*<  abk  (->  lepre-enl 
tiic  ;tu»tion  b\  etjuatuuis;  tltercfote,  we  m  ed  an  avcutaie  *-o-ct\.5:  ■Ji-d  hi* 
tvu  v  With  which  to  voinparc  iinr  caiculalltuis  ajuf  tt?  give  ;:s  rv-ote  ^ 
tlial  we  know  wiial  we’re  pr^Juting. 

i. .  We.teiko'ut  ..S  lenti’u  l>uev.tor.  I  .sNi)  :  lli.ink  \  -u  .er\  i.  i....  il*. 

Seidclmun;:.  f  .nu  mUx*  .1=*.*  siUiu'  jvop-ie  svli-.i  svarU.  o-  .ok  spr.  if;-  i*-. 
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C.  A.  Alley  (U.  Marylanil):  What  is  the  current  thinking  about  the  braided 
ring  cf  Saturn? 

Scidclniann:  ‘I  he  best  knowledge  that  I  have  is  that  Goldreich  and  T-cinainc 
have  looked  at  it.  done  an  order  of  magnitude  cakulatiiin,  and  satd  that  the 
satellites  on  either  side  of  the  rings  could  cause  what  is  being  «.)bservcd.  That 
is  n<»t  t<;  .say  that  tlic  .‘.aU'lbtes  arc  the  e.xplanation,  but  that  from  an  order  of 
inagnuude  point  of  view,  it  i.s  possible.  On  the  other  hand,  caii  vou  explain 
all  the  rest  iiJ  die  gap.s  and  how  the  source  of  those  gaps  relate  tt>  the 
hraitbng? 


Cl.  M.  K.  Winkler  (Director,  Time  Service,  USr>JOj:  Von  siiow  the  comparison 
between  vour  standard -ephcnieris  and  a  research  epheineris.  Is  tlu*  dilfeience 
between  these  tsso-  iuai|icm.itical  or  diil  )oii  take  up  aiidilb»n,d  physical 
terms? 

ScKielnunn;  One  of  the  priiicijul  iidferenccs  is  the  fact  iliat  we  iuve  jun*e 
reteni  calculations  ihau  the  publislicd  ephcuicris,  so  tlial  we  have  more  o’n 
scfvatitntai  data  to  take  imii  account.  Fiierc  are  also  some  ihanges  m  mas.ves 
and  consiants. 

N.  Cf.  Koman:  I’liere  has  been  some  discu.s:ot>n  iccci>!lv  about  ptedlsw overs 
i>b.>e: vat: nits  oi  Neptutic  by  tialiko.  Arc  tluwe  of  an  accuracs  that  is  useful, 
ivi  of  wji.ir  itapoi:a’'ce  are  they? 

Seiviehnann;  Galileo’s  i>bseivatines  seem  to  be  useful,  because  tl.ey  can  pm 
viown  th.e  po.ition  Neptune  to  .some  level  oi  ;:ecurac)  .  I  tie  questi-.m  a* 
wii.;!  .:cc..^ravv  t>  .»  point  tif  .irguincut,  bt:t  vert.uuly  we  ure  going  to  u  c  ti  e.c 
obr.i-rvatJor:>  av  a  test  fha  ou:  Neptune  epb-ei.sens  to  see  wl.ethe:  vc  .  fit 
tiieni  within  their  rsttinaietf  aw  uraev.  'I  he  >aiue  pft»blem  is  p;cMO-t\i  bs 
l.auiuic'^  Neptune  obwrvattvuis,  and  tii.u  work  is  tortciul;  unjetv.as , 

K.  V:..  Kealinc-  'iime  Service;:  HoW'  many  ce  ,  .nisc.as  exot  for  th.-  lunc? 
pla.itC^  wirii  sf'lafivictic  iv». i”  t'u  mot:'  U  the  jHuItOiC'!.  .mu  '.-uu 
liiir.gw  igj  ilujsc  fit  rh<.-  theoiu's  vv^rir 

Seulehn.mn;  1‘hc  i  Mnion  of  jvrihrli»ui  \cenis  to  fit  vscii,  but  v.e  b.:\e  .\taiie 

*.•»  j“  t  ill  UsligitiUU*  iiial  W’C  d'l.'il  l  lilitJ-'J -vt  .iUil  ri  -'A.  We  ..its  ' 

evcJi  lejl  vou  where  it  is  i  oiUing  Ifeu;!.  I  i>eri  i\  a  iUs*.  r vpar.i  c  -  J  al'-’iut  .*  «' 
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second  ot  arc  per  ccMitury,  and  this  is  tclatcd  to  the  loration  oi  the  equjnnx. 
the  constant  ol  precession,  and  liow  accurate  tramit  observations  really  are. 
(Laughter.)  Speaking  hrst,  i  can  raise  such  questions,  but  a  rebuttal  will 
come  later.  Really,  the  questions  become  how  iccuratcl)  can  they  obsrr\'c 
the  Su!i  and  what  sort  ol  sysieinatic  citccts  might  be  piescnt. ’I  hcy  will  tell 
you  the  problem  is  our  equations  oi  motion,  obviously. 
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DEVELOPMENTS  IN  THE  TIME  SERVICE  DIVISION 

Gernot  M.  R.  Winkler 
Time  Service  Division 

Dr.  Scidclmann  has  characterized  the  name  of  his  game  as  prediction. 
In  contrast,  the  game  of  the  Time  Service  Division  h  to  know  what  time  it 
is  now  and  to  let  our  users  know  that  information  as  ;oon  as  possible.  There 
fore,  as  I  see  it,  our  main  concern  now  and  for  the  n:xt  decade  is  data  coni 
niunications,  remote  collection  of  data,  processing  of  the.se  data  more  ex  ten 
sively  than  ever  before,  and  dissemination  by  ’‘gital  means  in  near  real  time 
That,  of  course,  is  a  vast  change  from  tiie  begi  tilings  of  rime  service 
which  go  back  much  further  than  the  national  cphcmeridcs.  The  first  time 
service  i  know  of  has  been  described  in  the  famous  volume  of  the  Sitzungs 
berichtc  of  the  Prussian  Academy  of  Sciences  in  191 9,  the  volume  in  which 
Einstein’s  papers  on  general  relativity  appeared.  Thcie  you  find  an  interest* 
ing  description  of  the  so-cailcd  night  clock  of  Platoh  Academy,  a  very  com¬ 
plicated  clepsydra  which  at  four  o’clock  in  the  mon  ingwas  to  wake  up  the 
students  so  that  they  were  ready  to  listen  to  the  ma>ier.  I  think  that  they 
were  ahead  of  us  in  that  respect  because  wc  start  later 

Aside  from  this  ingenious  device  tliere  was  not  much  develi>pmcnt  m 
time  service  until  1317,  when  the  French  King  Charle  s  V  completed  a  beauti 
ful  huge  tower  clock  in  the  Palais  Royal  in  Paris,  which  is  still  there.  It  was 
made  of  a  weight  of  SDO  pounds  that  moved  slowly  through  .«  heigln  tii  3a 
feel  in  a  ilay.  V)f  course,  the  whole  art  of  dock  making  is  right  llu  rc  wish  the 
cjuestion  of  how  you  make  lha:  mosemeut  uiiifoim.  Time  seivice  umIU 
began  witii  this  device  in  1317  when  tlie  King.  ver\  imp>tieiu  with  the  fact 
that  all  the  bells  in  Paris  would  ring  at  irregular  inteivals,  issueii  .m  edict  ih.it 
hentefurtli  ail  the  church  bells  would  ring  the  hour  and  cjuaner  lu  ttr  in 
consonance  with  the  Palais  Koval.  Thar  vv,.:,  liic  tiisi  Deparimenr  of  IVIesoe 
instruction,  if  yt.u  wili,  oi  at  least  an  antecedent  of  our  pertinent  IKil)  in 
siruction.  The  episode  renniuis  us  also  that  imickec(  ing  aiul  tin  oi 
is  doseiv  linked  to  social  activity. 

A  number  of  coneepts  must  be  distinguished  that  arc  voU'.iantK  trouble 
some.  'I  hc  first  one  is  that  we  deal  with  a  varieiv  of  “tunes”.  The  vofi.ept  ot 
time  as  an  tiniei ing  parameter  aiui  that  is  esseniialiv  .vliai  it  is  did  not  ong 
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inate  until  medieval  times.  But  that  ordering  paranjeter,  which  today  is  best 
represented  by  clock  time  as  a  uniform  measure  of  the  progress  of  processes, 
must  be  differentiated  from  the  “time  of  day”,  which  is  a  measure  of  the 
rotational  position  of  the  Earth.  Until  1972  the  values  for  these  two  kinds  of 
time  w'cre  much  closer  together  than  today.  Previously,  they  were  kept  to¬ 
gether  by  daily  adjustments.  I  still  remember  in  1956,  when  I  visited  the 
Naval  Observatory  for  the  first  time,  how  that  daily  adjustment  was  perform¬ 
ed.  At  noon,  or  early  afternoon,  it  was  known  how  large  the  difference  was 
between  clock  time  and  the  time  as  determined  during  the  previous  night’s 
observations,  and  an  adjustment  was  made  quickly  in  the  Master  Clock.  That 
change  was  reflected  in  changed  monitor  results  of  the  time  signals,  and 
eventually  the  distributed  time  signals  were  adjusted. 

All  of  that  has  long  since  disappeared.  Since  1960  we  no  longer  adjust 
clocks  every  day.  Instead,  since  1972  about  once  a  year  we  apply  the  leap 
second,  a  step  adjustment  now  in  use  in  order  to  provide  a  more  convenient 
time  scheme  for  the  majority  of  precise  time  user.*:,  who  arc  not  interested 
in  universal  time  or  time  of  day,  but  in  uniform  clock  time.  Many  users, 
however,  still  need  to  know  the  differences  bctw'ccn  these  two,  and  that 
means  you  have  to  make  optical  and  radio  observations  ol  the  time  ot  day. 
Additional  data,  such  as  polar  motion  and  other  corrections,  also  have  to  be 
determined,  and  the  result  has  to  be  disseminated  somehow.  This  leads  to 
the  Time  Service  Bulletins  that  wc  issue  every  week  and  to  the  predictions 
that  involve  us  with  statistics  and  statistical  estimation  theory .  Time  service 
is  inseparable  front  statistical  estimation  theory  because  the  operaiiott  i>t  a 
clock  is  a  rattdoni  process  the  clock  errors  arc  random.  Ojte  cat;  go  inie  step 
further  anti  say  that  with  .systems  being  sharply  dc‘incd,it  would  be  impos¬ 
sible  to  tneasiire  time.  Alt  atom,  tor  inst.nicc,  with  ettiirely  sharply  detiiicd 
scales,  would  tiut  have  state  tunctious  as  a  tunciion  ot  titiic.  So  staitsucs  atui 
timekeeping  are  inseparably  cotmected. 

Another  probiettt  in  linte  .service  i.s  with  synchro  ti/.-nion.  It  one  mc.tsiires 
distance  witli  rime  or  litiie  over  a  tlistance,  otie  must  hecoine  involved  with 
iciaiiviiy  theory.  'I’hat  is  purely  a  scientitic  matter.  But  iliere  are  ,dNO  I’rg.m 
national  problems.  Moreover,  we  cannot  leiiiain  ctunpletely  imiepti.  ieni  <)! 
other  eouiilvies.  h’ltiy  years  ago  people  worried  th  rt  time  sign.»'s  would  be 
tvaromuied  on  different  seconds  in  different  eounincs.  .Ni'W  we  are  wmneii 
whether  we  arc  on  the  same  inicrosccorrd,  because  v  e  are  cvunmg  into  au  er.i 
wh.err  large  communicaiions  and  navig.nioii  systeii  s  ii.ive  to  be  miert  \  ed 
.md  the  question  is,  “What  are  ilie  time  reteit  nees  in  ih.esc  ditiereu.t  rt  un 
tries  iloin;;?**  That  coiniimaiion  could  cre.itv  many  |  rtthlems. 
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So7}ie  Applications  of  Time 

Now  we  must  say  a  few  words  about  the  applications  of  time  for  com¬ 
munications,  navigation  and  science.  The  applications  of  time  for  electronic 
systems  are  increiising  with  the  use  of  more  sophisticated  concepts  of  tech¬ 
nology. 

In  communications  today  we  have  time  requirements  down  to  about  five 
microseconds.  Those  requirements  come  about  because  people  want  to  do 
the  same  things  simultaneously  at  two  distant  sites  md  they  want  to  con¬ 
tinue  doing  it  witiiout  the  need  to  interchange  many  s/nchronization  signals. 
In  the  field  of  secure  communications  systems,  which  deliberately  scramble 
the  frequencies  or  the  phases,  initial  synchronization  is  essential.  That  syn¬ 
chronization  window  is  at  the  moment  the  origin  of  the  requirement  for  the 
largest  number  of  clocks  in  the  Navy  and  the  Department  of  Defense.  'I'liese 
secure  systems  require  atomic  clocks  on  each  platfor-n  and  that  use  is  going 
to  increase.  Today  we  deal  with  about  2,000  cesium  beam  clocks  that  arc 
looking  at  our  master  clock,  and  about  10,000  rubidium  standards.  I  expect 
that  number  to  increase  possibly  by  a  factor  often  dining  the  ne.xt  ten  years. 

Electronic  navigation  is  an  entirely  different  aiei  id  concern.  Here  we 
make  measure  me  fits  of  the  time  of  arriv.d  of  a  wa\e  front  from  either  ■' 
natural  or  an  artificial  source.  Although  it  is  true  that  most  conventional 
electronic  navigation  is  concerned  with  relative  measurements,  ilie  absolute 
method  brings  such  advantages  that  it  is  going  to  ii  crease  in  importance. 

A  coinpletel)  different  area  again  is  meirolog\ .  The  measurement  of 
time  is  “counting'’  by  nature.  It  is  directly  related  to  -  he  digit.d  process,  and 
as  digit.d  technology  is  e.xploding,  the  use  of  lime  or  frequency  as  an  inter¬ 
mediate  me.isuicmcni  parameter,  mio  wdiich  one  cun  rris  those  things  that 
one  wants  to  measure  w'ith  high  precision,  is  a  verj  natural  and  ongoing 
application.  l‘or  e.xaiiiple.  distance  c.m  be  measured  as  a  time  interval.  Vve 
can  use  frequency  converters  and  speci.d  iransduce's  for  oilier  nu  isiire- 
inents.  I  h.n  is  the  reason  why  ealibr.ition  hdioraiorie.'  in  increasing  miinheis 
require  luiirc  and  more  aceutate  time. 

Fin. illy,  one  must  not  lorget  ih.ii  tlie  most  precisi  and  dem.mdiii;.,  ..pph 
cations  of  pieiise  time  are  m  astronuiii) .  Euls.ir  resea'chers  and  Vciy  l.oiig 
Ba.sellne  1  nierteromeirs  are  users  as  well  as  pr»  viders  ot  piceisc  tune. 

I'hat  is  a  principle  dial  is  true  in  man\  .ircas  ol  timiin.  .uiivits :  uscis  .an  be 
provitiers  .uui  vice  versa,  and  in  time  the  iwt»  become  .iliiiosi  inseparable, 
'l  ids  has  Uil  liming  the  last  ten  years  to  a  growing  conriundt\  ot  ptr..isi,-  imic 
users  wjio  can  help  one  .uiuiher.  Uy  knovMiig  vvliai  ’line  st  is  at  \oc.r  r.cigh 
hor’s  In  UNe  wiicic  there  is  a  good  clock,  il  \ou  lose  mne  you  h.i\e  .(  \ir\ 
e.csv  wav  to  get  b.ick  imi>  opeialiim.  Ih.ii  is  true  to  ukuin  clectrouu  s\  . 
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terns  today.  That  is  one  of  the  reasons  that  we  fine  ourselves  more  and  more 
involved  with  data  communications,  because  there  must  be  someone  who  is 
coordinating  tliesc  things  and  who  can  act  as  a  cintral  depository  of  data, 
and  who  makes  the  data  available  in  near  real  time. 

In  all  timing  applications  propagation  delay  ol  the  time  signal  is  a  major 
problem.  In  fact,  it  may  be  the  problem.  It  is  not  only  a  matter  of  worrying 
about  the  geometric  delay;  in  the  ease  of  a  fixed  :  ration  on  Earth,  it*^,  deter¬ 
mination  is  a  one-time  atfair.  When  you  talk  about  timing  for  satellites  or 
.satellite  systems,  the  question  of  their  position  is  intrinsic  to  the  problcfn  of 
the  measurement  of  their  clocks,  or  the  utilization  of  their  clocks.  The  same 
thing  is  true  for  the  delays  through  the  troposphere  and  the  ionosphere, 
where  we  face  exactly  the  same  problems  as  the  radio  astronomers  who  have 
to  be  able  to  account  for  these  delays  in  order  to  extract  the  greatest  bene¬ 
fits  from  the  observations. 

Figure  1  shows  one  of  our  portable  atomic  docks,  which  1  sIjow  here 
because  it  will  continue  to  act  as  u  last  resource  when  we  need  an  ovcr.ill  cah- 
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bration  of  extended  systems.  There  are  sc  many  error  sources  that  one  has  to 
have  some  way  of  calibrating  systems  ovcrail.  This  was  one  of  the  clocks 
used  in  1972  when  Hcfelc  and  Keating  made  their  really  pioneering  flying 
clock  trip  around  the  world  and  established  the  reality  of  general  relativity 
effects  on  physical  clocks.  By  flying  eastward,  then  flying  westward,  there 
has  been  a  predicted  and  an  observed  consensus  of  four  clocks,  an  observed 
time  difference  which  is  asymmetric.  That  gives  a  good  picture  of  the  capa¬ 
bility  of  flying  clocks  about  eight  years  ago.  I  think  today  the  experiment 
''ould  be  repeated  with  about  the  same  effort  and  would  probably  yield 
better  results  by  a  factor  of  five.  Why?  Because  atomic  clocks  become  better 
and  eventually  they  can  always,  in  principle,  be  mace  better.  In  the  reduc¬ 
tion  of  the  observations  of  distant  signals  with  propagation  delays,  on  the 
other  hand,  wc  face  some  very  inflexible  limitations. 

Clock  h  rfornuuict^ 

Now  let  us  look  at  the  performance  of  some  clocks.  Figure  2  shows  the 
typical  performance  of  a  portable  clock.  The  horizontal  axis  is  days,  and 
the  vertical  axis  is  nanoseconds.  You  can  see  here  the  ypical  random  walk  of 
a  clock.  At  one  point  the  clock  was  absent  for  a  sh<  rt  local  portable  clock 
trip,  and  one  can  sec  that  there  is  a  systematic  offse  when  the  clock  came 
i^ack  due  to  ti»c  shuck  ot  temperature  change  and  the  magnetic  environment. 
'I  here  has  been  a  small  systematic  effect,  but  overall  li.at  is  a  goud  example 
of  wijat  today’s  clocks  can  do.  It  is  also  a  good  ai  iple  of  one  t)f  our  pres 
cm  limitations,  namely,  the  short-term  instability,  il  e  up/down  pha>e  vari^ 
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ations.  Unfortunately,  1  have  to  admit  they  are  in  our  reference.  Our  refer¬ 
ences  are  excellent  over  five-day  and  ten-day  intervals,  weeks  and  months. 
The  computed  time  scale  has  an  uncertainty  of  about  one  nanosecond  from 
day-to-day,  but  we  can  reach  that  level  only  after  the  fact.  That  level  of 
accuracy  is  not  available  in  real  time,  and  for  that  reason  wc  are  embarked 
over  the  next  couple  of  years  on  a  major  effort  to  update  the  Master  Clock 
by  adding  oscillators  of  very  iiigh  short-term  stability.  By  having  better  fly¬ 
wheels,  so  to  speak,  our  existing  long-term  stability  can  be  brought  to  bear 
immediately  in  real  time  on  our  measurements. 

Figure  3  depicts  anotlicr  test  of  a  clock.  You  ste  that  it ::  p!’»gucd  by  the 
same  short-term  noise,  where  short-term  noise  means  changes  from  hour  to 
hour,  or  from  two  to  three  hours.  Overall  you  can  sec  the  characteristic  per¬ 
formance  of  these  clocks  approaches  what  one  calls  a  random  walk.  In  fact, 
a  random  walk  in  phase  or  time  error  is  the  best  one  can  e.xpect  of  a  clock, 
if  all  of  our  clocks  would  only  produce  a  random  walk  in  time  or  piiase,  we 
would  have  time  capabilities  10-50  times  better  than  wc  reall)  have.  What 
we  lack  is  complete  control  over  the  environment  and  over  some  aging  and 
spontaneojs  changes  in  these  clocks.  The  more  harmful  systematic  (corre¬ 
lated)  rate  variations  arc  caused  by  these  factors. 

'rhis  brings  me  for  a  moment  to  a  discussion  of  the  statistics  of  these 
fluctuations  in  rate  versus  time.  If  one  has  a  purely  random  behavior  in  the 
basic  frequency  determining  element,  then  you  cxpcci  a  variation  that  is  one 
over  the  square  root  of  tau  (where  tau  is  the  measurement  interval),  i.e..  a 
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double  log  plot  with  a  slope  of  minus  one  half.  That  would  be  the  best  one 
can  expect.  Unfortunately,  one  cannot  extrapolate,  and  eventually  there  is  a 
random  walk  not  in  phase  but  in  frequency  over  some  long  time  interval. 
One  can  see  in  Figure  4  what  we  gain  by  adding  very  high  performance  short¬ 
term  clocks  to  our  system.  Instead  of  having  to  rely  on  measurements  over 
increasingly  longer  time  intervals  as  you  go  down  below  the  10’^^  to  10’^'* 
range,  and  which  we  could  at  the  present  time  obtain  with  a  single  cesium 
only  after  ten  days,  by  the  addition  ol  hydrogen  masers  such  precision  is 
available  immediately  after  only  100  seconds. 

Figure  5  depicts  a  typical  very  long  time  performance  ot  our  clocks;  the 
clock  there  has  been  in  operation  for  eight  years  in  its  location  That  is 
another  example  which  shows  the  importance  of  long-term  systematic  varia¬ 
tions.  A  better  understanding  and  a  better  control  of  these  long-term  system¬ 
atic  variations  will  produce  a  greater  performance  intprovemem  than  is 
possible  with  ever  more  sophisticated  methods  of  computation. 

'I'hai  leads  me  to  mention  a  substantial  elfort  with  respect  to  our  Master 
Clock  room,  where  we  have  two  time  reference  systems.  The  question  arises: 


i'ij;.  A.  j  rcijUt'HvV  ul  tyiH'-  ul  Hutuif.  v  4:aiUaril>.  I  t“:!i  t»4rv 

A.  Sc;»vcy.  •‘iViturmance  u!  4  Dual  licaju  High  l‘c» turnun^c  cVuuru  Ur-ns  Trin. " 

flit  i  tjihth  AtutuJ  iWiiir  Tttnc  Tintf  httrn-J  .ns.i 

November  30  IVvcmbct  2.  1976. 
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I’iji-  3.  I’crloriiuiKc  i.f  4  erbium  atotiiic  i'si>tk  ever  1200  Jiiyi. 

“How  do  you  control  sucli  a  rclcrcncc  clock  Ntsuidord?’*  The  uns\%cr  In  iluit  it 
is  done  hy  computer.  You  depend  over  u  day  on  a  prediction  of  ii\  }vrtoriii 
aiue.  and  you  are  again  invtilved  in  statistical  estimation  titeory. 

In  I’lgure  6  we  see  onr  main  clock  room  with  the  monitor  part  tlu!  is  to 
tile  left.  You  see  our  insiiumentation  just  m  support  to  VI. F  (very  low  Ire 
vjuenc)  1  and  OMI-CiA  time  ol  arrival  measurements.  I  expect  that  we  vvill 
ha\e  considerable  chairges  iiere.  We  wdl  rel\  more  on  remote  measurement 
4>I  remote  traiisniiilers  tlian  on  local  Wasiungton  trjieratiotis.  ‘I  hcie  is  tn» 
sjuestioM  that  we  would  h  ivc  long  discontinued  the  rnunit4)ring  o!  iovv  Ire* 
tjueiuy  signals  had  it  iK»t  been  tor  their  ever  iiureasing  .ip|’'lrtaii»»:i  lu  ttnn 
nuinitaiion  aiul  luivigaiion.  ‘I’hc  remote  nionitonng  is  lc.i<itng  us  tt»  more 
emp!;-:;.is  »  n  the  critical  processing  of  d.:fa.  whiilt  is  iurientiv  uruler  the 
s  ipeivisioM  t»t  I  aura  Cih.*.rfon.  EsMUlialiv.  one  monitois  n\  Ct>lir».tinc  tele 
tvpe  messages  t>f.  nowadays,  hy  direct  leinote  monitoring  ot  the  chsMut 
vh»ck  through  a  data  link.  Wc  must  .ils4>  issue  messages  to  tliese  sfattMU'..  unit 
disseminate  an\  correciior;s  m  real  lime  lv»  the  prospective  user  who  neciit 
tiiai  iiittiriiuiiou.  Ail  *'i  this  supports  »t4\  initial  claim  that  eiatu  ^.  noiurni 
v.ition  .uui  v.isiis  iiivreasing  data  pH’.tessing  u;  real  tun-  will  ha  >  main 
probii  ii:  111  :ne  iniiiucitate  tnluii . 
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rij*.  6.  Main  c  lock  room  of  the  Time  Service  Division,  showing  atomic  clock*  (right)  and 
monitor*  (left)  in  support  of  VLF  anti  OMFGA  tinie-of-arrival  measuremeiu*. 


Lei  fue  ipcdk  briefly  about  a  new  navigation  .syMcin.  the  Cliobal  Po.Mtitiii 
ing  System  \CiPS).  whicl*,  ;.ill  eonsisi  of  18  saiclliies.  each  liaving  an  attJtnis. 
c!':ck  abt)arii.  In  February  198t)  we  observed  the  pass  t't  t>nc  <>t  tlie  suielliu 
and  wiiih*  we  itbserved  il  the  saicliiie  was  uploaded  with  data  and  receiseti  a 
!iew  nuvigatiim  message,  a  new  utbiral  preilittion,  a  new  ephemeris  .iiui  a 
new  dock  L>rniu)a.  Figure  7  shows  this  upload  in  the  ftirm  of  a  sli.ipeti 
curve  that  reg>resents  the  ten  nanusectmd  change  tiue  to  changed  paiaiueleis. 
We  have  iccetiily  fouitd  the  clock  formula  to  be  svuiievvhai  ot  a  pit>ble!n. 
lugure  8  ij.  .m  example  ol  t)ur  kiPS  monitor  fept>ri.  which  is  as.iilable  ilads  . 
i.c..  yiut  tali  in  t>n  the  telephone  and  it  is  tme  nt  about  2ut»  int>mit>r  files  that 
Vtiu  can  access,  i  hat  patiictdar  file  is  tilled  every  mi>rning  witli  the  sat -line 
passes  c;t  the  past  day.  Figure  8  shows  passes  of  satelhles  8,  h,  A,  V  .uitl  S 
which  came  relatively  c|uiikly  in  succession,  ‘i  iie\  had  been  upio.uicti  just 
one  hour  and  forty  eight  minutes  a  ;o,  and  the  limes  tiial  we  louipule  f»ir  the 
liilieienees  between  the  Master  Chick  and  s\siem  time  are  siit»wii.  I  he  dihe: 
eut  salt,  lines  else  salues  that  .ire  within  about  JS  nantis.a  otuis  ••!  e.u  e 
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Fi^  7.  Global  Positioning  System  satellite  receiver  test,  showing  the  0.01  microsecoiul 
effect  of  changed  parameters  due  to  a  new  navigation  message  sent  to  the  satellite. 


that  gives  you  an  example  of  the  capability  of  the  system.  The  timing  avail¬ 
able  after  such  an  upload  is,  with  averaging,  within  about  15  nant)beioiuls. 

Figure  9  shows  the  behavior  of  a  rubidium  standard,  in  which  we  see  tljc 
lynical  long  term  drift  characteristic  of  a  rubidium  clock.  SujHrimpuscd  are 
also  the  up/down  phase  changes  due  to  erroneous  or  imperfect  <»ri)iiul  calcu- 
latit>ns.  'Fhe  time  asjsects  ut  the  CJPS  is  an  area  where  we  are  intimately  in¬ 
volved  with  uuestions  of  how  to  read  the  remote  clocks,  how  to  account  for 
propagation  delays,  how  to  set  up  the  system  so  that  we  liave  a  minimum  of 
disiurbaiuc  when  the  system  swirdies  from  one  monitt)riiig  reference  to 
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1  »}».  8.  Idubjl  System  munilof  rrj>u;t  five  satellites  idrt.iitird  jn 

one.  Viic  column  ”MC  Gl'S”  gives  the  diilctcnce  'itt  ni{v{ose'..ujuii' betwe rn  tlu  S'jttrr 
(*!«*».k  at  the  Naval  t  )bsris-ati»iy  and  each  iisted  sat%^!l.tr  :n  the  »%klcjn. 


unothcr.  Wc  plan  to  set  up  monitoring  and  remote  measuring  where  we  tan 
via  lelepiione.  We  do  that  now  with  several  cxpenmeiiial  sites,  one  at  Patrick 
Air  F'oree  liasc,  Florida,  which  wc  read  about  five  or  six  limes  a  da\  and 
send  a  message  through  telephone  lines  telling  them  what  the  clocks  are  with 
respect  to  the  Master  Clock  here.  The  same  method  is  also  used  tt»r  the  cotn- 
inunicafion  saieliitc  injection  point  in  Fort  Deirick,  Mar)  land. 

iVfcuhii/iuv^*  unj  lime 

Let  us  jum  turn  i»ur  attention  bricily  to  the  rt>lai»on  t‘i  the  Farih.  We 
aie  ti>iucined  irere  with  fwucfitircly  diitVreni  things.  First,  there  is  the  |H»Ni 
titni  in  space  id  the  Faith’s  avis  and  the  jujlar  inotitm  ot  liie  avis  relatise  it* 
the  Farth,  Secondly,  there  are  the  variations  td  the  titiaiiuii  rate  «d  il  i  F».rih 
around  il\  avis.  Unloitunaft  ly.  there  arc  addilitmal  local  diMUf  baUie^,  ' 'ne 
sluuilti  realK  eoinpare  the  liarth  with  .i  large  pda.Mic  surtai-*.  a  i>.iskcfbai{  mat 
.tihtwi  voiiie  lalcral  Mirlutc  iiioiumi  iwer  atul  abine  the  loval  vltccts  <d  almoi 
phene  disturbances  and  gravity  vaiiatioui. 

‘t  he  insliuiiiriil  whith  lias  been  the  bavkboue  ut  our  ob\en.*tit*ns  ftiuii 
l*»  the  pre%rnt  is  |hc  Pht>it>grapliit  VUrtutii  l  ube  ^P/.T;.  It  lusi 

I  ally  id'  .m  invertcil  lelephuto  h  ns  tliaf  tonus  -ui  image,  attcr  retie;  tu»u  m  a 
lueriut)  piH»l.  *d'  stars  near  the  /cuith.  'Ihis  m>numciu  n  lu  vuj  buddo-.g 
shown  ill  Figure  lo.  It  is  now  s.ucccded  by  a  large  t>>  ceunnicier  icu  scojH 
d  '  I  .l>m  with  iiiajv»r  ness  leaiurrs.  It  lias  a  h:us  cover  itpcumg  tuat  is  '  ct\ 
niiu'ji  laiger  .uui  alK»Ws  a  tree  am!  eipial'./anou  «*!  ai:  i  iu*  lete-  i--  s»> 

lii.^e  d  believe  the  largest  four  element  leto  m  evntesue!  ih.o  it'  :;unn*l 
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Rg,.  10.  RuiltliRg  housing  iKr  Pkoto^ApKic  Zenith  Tube  (^ZT).  Thb  telenope  i%  uwj  to 

determine  univer>jil  time. 


time  constant  is  about  ij  to  15  hours,  t.e,.  it  has  tu  be  prccoolctl  lor  the 
ni^lu.  The  tiitrmal  M.Vinlization  of  the  iiistrument  is  therefore  4  inajur 
problem,  but  1  do  not  think  it  is  an  intrinsic  difficulty.  l)v*nnU  McX'arthy, 
wiio  t.s  ill  cliiirj*c  of  the  observatitms,  reports,  that  the  ima^rs  ate  cscellcut 
when  the  instrument  is  in  theinul  ev|uilibrjufn;  Figure  11  Jiows  a  i’ZT 
photugfAphic  pUte.  The  brijihl  star  is  not  u  FZT  st.ir;  it  iu  Vep.a.  fZr 
prodiiic  typically  much  smaller  images  which  can  In:  mcaviircd  ivtth  greatef 
pfccisitm, 

1  Wiiuid  like  to  say  a  lew  words  about  the  prineipal  lim.itatuvns  ->1  tlm 
PZV  and  vviiY  we  h.-»\e  changed  and  will  change  sfill  more  the  relative  ein 
piia.'s^Vv  Ivotwern  optical  astfoniecry  and  otiier  melliods.  1  he  e»piical  inrtluni  i-; 
the  result  i‘l  many  \ears  oi  esperience.  We  obsevve  the  iaiiu  sUfs  eve  n  n.igh.t 
autoinatiruHv  in  tour  pi^itions.  and  obtain  the  time  and  polar  imitu>n  rou 
liiiciv.  Wiu'teas  our  t»bscrvatH#ns  used  to  tell  Us  what  clock  omc  was  every 
n’Ofnii*;^.  n^iw  cle.vk  tells  us  v.- hat  rotational  posui*.*n  h.o  been  take’.?  In 
tile  Karth,  The  limilattiun  are  principally  msuumenia!  and  e  vironriri  rt'al. 
the  n'lcigc  may  n(>l  be  round:  it  may  be  displaie^i  henaUM*  <>!  tiu  *.\vtematu 
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Kig,  11.  P/.T  pkofO{9r»pKtc  pUtc  jKovrinu  ima^>  ol  Four  tmai^cs  irr  r^biaifuj  Jur 

inu  catk  wiiK  the  pbic  roi^ictl  180**  b«tiArccn  ir&pmutir^  tm«{p:9  ipptjf  in  Juc 
!t*  lUc  Jiffcrcni  tltfclm-tiiuni  uf  iKr  n»rx. 


cflccis  itj  the  atiiH>sphcre  ilul  arc  vh4rat;icriili«  f»jr  the  near  c:»  lit  titm  nt  i»t 
the  iiuitui!»c«t;  and  the  image  may  be  displaced  bctaUiC  ul  tlic  lolor  cllcti 
til  ditlcfcnt  :vla!>.  Ilcilrtiion'k  from  the  vertical  imut  he  taken  ititu  .u  t 
Vd>rati*»ii>  .jf  the  targe  mercufy  ba^iit  have  been  tmtial  pfjjblemc.  Imt  tiiec 
have  l>eeit  ovcfeoiue.  With  the  new  in>trumcnt  we  W'lll  feat  h  alu>ut  a  «>t*e 
neilis.Mrcond  pfcctsion  on  the  nights  t>t  edvsenaJi^^ni.  h4sed  ujH>n  a  tnutfi 
set  t>l  stars,  alumt  I ’t*')  compared  to  the  SO  UH)  that  we  m>vv  ob’.eive  with 
a  s.maUcr  insininornt.  Hitwever,  !  tlu!ik  the  mam  rcstdi  will  be  m  ptoduvtn.g 
Kfsrf  ihe  years,  m  a  /tme  1*  wide  attmnd  viccim^tion  xi-f\  avk.nfule 

t.jStual  |H>snions  oi  stars  down  to  magtutiuic  I  I.  Uui  there  is  novioubt  ih-O 
we  huvr  teushed  a  Imn!  t»t  the  ylassttal  asiftmietru  isu'ihtKiv 

I'i.'f  these  icasons.  louf  ycat.s  4gt‘  a  team  heideij  Iw  li>i'  K Icpv  / \  .*nki. 
With  m.jhc  very  valualdc  tt>o^H‘iarion  tt«’m  other  |vi>plc  here  at  the  ob^eM,^ 
tors  ,  embarked  on  a  radn»  .^stftnneiry  |vogram  ir:  i ».o|H'fatnn'  wii'i  fj  '  N4,.<i 
Uea:4r«.h  I  abot.itt>tv.  I  ius  (earn  ts  nsmg  a  dvi:ttat».d  not! ei»t  U.,  ,! 
a  vonncvtni  link  radio  tntei!er««!iietef  V\e  uw  0:0  ion.ai-  v. 

f* 
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oscillator.  By  means  of  a  microwave  link  the  time  of  arrival  of  incoming 
wave  fronts  can  be  directly  correlated  in  near  real  time.  The  baseline  or  the 
largest  distance  to  one  outlying  antenna  is  35  kilometers.  The  instrunient 
has  great  operational  advantages,  and  it  has  been  in  continuous  operation 
during  the  last  three  years.  We  expect  the  utilization  of  that  instrunient  to 
continue;  in  fact,  major  improvements  are  being  planned  lor  the  next  couple 
of  years.  Our  goal  is  to  produce  daily  reference  values  for  UT  and  polar 
motion  which  can  satisfy  all  critical  operational  requirements  in  real  time, 
i.e.,  we  must  be  independent  from  other  sources. 

Now  let  us  talk  about  international  coordination  of  time  tor  the  remain¬ 
ing  tew  minutes.  The  Bureau  International  dc  I’lleure  (International  Bureau 
of  Time,  BIH)  is  our  benchmark.  About  50  observatories  contribute  data  to 
It.  Our  contribution  in  clock  time  is  still  a  major  one.  like  24  percent  (it  was 
in  the  past  as  large  as  45  percent).  That  has  had  the  effect  that  we  almost 
never  need  to  make  a  coordiii.uion  adjustment.  It  is  very  ditticult,  risky  and 
inconvenient  for  thousands  of  cesium  and  rubidium  clocks  to  follow  deliber¬ 
ate  changes  in  rate  that  we  introduce.  Such  changes  could  only  be  prop.i- 
gated  with  delays,  whether  through  portable  clock  visits,  monitor  results  or 
whatever,  and  would  inevitably  generate  waves  through  the  system  ot  syn¬ 
chronized  clocks.  'I’hcreforc,  we  want  absidutely  to  inininiize  such  changes. 
In  fact,  the  last  small  adjustment  of  one  part  in  was  introduced  four 
years  .igo  and  we  have  stayed  within  one  microsecond  of  the  Bill  ever  since. 
In  .iddition.  there  are  some  very  small  iipandilown  motii>ns,  which  .unount 
to  one  h.ilf  microsecimd  per  year.  These  are  seasonal  ami  originate  in  tiie 
liming  links.  Some  .season.il  effects  on  clocks  have  also  been  delected.  C)ver- 
all,  we  have  luul  nmch  tewer  adjustments  than  some  of  the  other  i>bserv.i- 
lories  who  have  h.id  to  introduce  offset  .Hijustnients  twice  .i  \ear. 

in  1  able  1  \(iU  will  sec  that  we  are  not  tloiiig  ver\  well  in  .iver.ige  weight 
per  ilock.  In  f.at.  we  aie  lr\mg  to  .Khieve  a  large  contributum  l)\  brute 
force,  by  putting  every  eloek  we  are  testing  into  the  system  .imi  .luiom.n ic .d- 
Iv  seiulmg  the  dai.i  lo  lUH.'lhis  w.iy  we  .icconqdish  .i  higii  comril'ution.  bet 
we  could  do  even  iieiter  il  we  could  r.iise  our  .ivcragc  weigiu  per  eloi  k  to 
something  like  lh.it  .ichieved  by  llu  sm.iller  labor.itoi ie,\.  Tlie\  n..\e  fewer 
licnks  but  v.ui  t.ike  better  c.iie  of  them.  Th i.s  one  of  the  .ue.is  wiiere  we 
e.re  vci  v  much  deficient  coinp.irevi.  fc»r  ev.imple  to  i!ie  l*ii\  vik.ili% Jie  I  e.  h 
nisehe  Bundes.mst.ilt  ^PTB  “I  Br.iunschweig.  l  eaeial  Repabii^  of  t.erni.uu. 
wdiicli  has  a  consisteiitU  Ingh.er  conliibuiiiai. ‘I  hir.  is  a  ci  nseviiieiu  e  ol  oni 
opei.itioii.ii  phiio.sijpiiv.  Since  our  staff  is  too  sm.ill  ti'  .iffooi  piivo,  !>•  ,  w  c 
oiilv  liper.ne  docks  .is  inuiisiuri'ed  “bl.ick  boxes  '.  We  weed  -  ui  y  a  pci 
foliiiei.s  i>iu  v.uiuoi  speod  the  c  f  foi  i  i'>  go  into  the  c  loc  ks'  p!i\  n  ‘  . 
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Table  1.  Contributiors  to  Blfl  (effective  date,  MJD  44479 J 


Laboratory 

U.  S.  Naval  Observatory 
French  group 

Physikalischc  Tcchnische  Bundesanstalt 
National  Research  Council 
Royal  Greenwich  Observatory 
National  Bureau  of  Standards 
Obscrvatorio  Marina  San  Fernando 
All  others  (16  laboratories) 


No.  of 

Weight  per 

Total 

Clocks 

Clock 

Contribution 

27 

59  % 

23.9% 

10 

65.8 

9.9 

7 

87.9 

9.2 

6 

100 

9.0 

7 

85  0 

8,9 

8 

65.6 

7.9 

5 

66.4 

5.0 

45 

26.2 

'Flicrc  is,  of  course,  no  benchmark  for  time  available  in  real  time,  that  is 
to  say,  immediately.  The  bcnchnmrk  becomes  available  only  two  months 
after  the  fact  when  the  BIH  Bulletin  comes  out,  and  we  know  tiiat  two 
months  ago  we  were  0.3,  0.4  or  0.5  inicrosocofuls  away.  So  we  have  a  bench¬ 
mark  that  teli.s  us  two  months  or  even  longer  than  that,  after  the  fact,  where 
wc  should  have  been,  and  again  this  means  prediction.  This  prediction  takes 
account  of  the  cluck  noise  and  the  propagation  noise  across  the  Atlantic, 
which  amounts  to  0.2  microsecond.  Wc  cspect  major  efforts  in  the  next  few 
years  froni  the  major  laboratories  -U.S,  Naval  Observatory,  National  Re¬ 
search  Council  (Canada),  National  Bureau  of  Standards,  the  French  group 
and  the  PTB  that  will  probably  reduce  the  noise  by  a  factor  of  ten.  H.Kper- 
iinents  to  do  that  are  already  going  on,  'There  is  a  major  laser  effort  under¬ 
way  because  laser  time  transfers  arc  intrinsically  accurate.  Here  we  enjoy  the 
eooperacion  and  support  of  the  University  of  Maryland.  Support  does  not 
mean  that  iliey  .ire  paying  the  bill;  unfortunately,  we  are.  lUit  oir  a>soeH' 
tion  with  the  Lnivcrsiiy  le.nn  under  Profes.st>r  Alley,  with  whom  wc  iiavc 
cv)nd'acied  m.nn  experiments  in  the  past,  is  gonig  t{>  continue.  The  I.ASSO 
experiment,  maku'.g  u  of  laser  satellite  retro  leflectors,  is  e.vj^evleii  to  begin 
around  Septet. U)er  1982,  .md  vvill  provide,  at  least  for  ;r  period  of  year  ta 
so,  a  s\  nehroio/.ition  c.ip.ibilitv  with  a  t>nc  nunusecond  precision.  t)t!ir'- 
experiiuents  involve  Vci y  Long  Baseline  Interferometry  (VLIM;  tnr.c  u.insfct 
atul  utili/e.iio!:  of  comntunicaltun  satellite  eitant'.ejs,  whielt  we  .tje  verv  le 
liveK  hud. i?:g  St. 

Let  me  s.iV  a  word  about  our  relatitutsiiip  wiiii  tlie  N.itiotuc;  lin:,  ..  i  v>f 
St.imi.nils.  NBS  pro\ide>.  liie  national  siamiard  !<ir  freijuem  v .  Tlu-  utur  *»} 
titne.  till-  second,  h.is  been  ilefined  since  iVnV  by  the  intern..nt)!i.t!  ( ‘oc-oni: 
tee  foi  Weights  .nui  .Me.isiires  as  a  tr.insilion  IreijueiHy  of  ceMtim.  I  ke  iLtv  o 
llHMciore  -oiiU  .ipprs'X im.ttely  evjual  tei  -.ecotuis.  snwe  tite  sj:  .11 

lereiive  due  to  tiie  \.ir5.d>ie  speeil  of  loiatum  of  tin-.  I..»rttj  e\enin.i,o.  s.  vtiUiu 
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lates  to  one  second,  the  leap  second.  From  this  follows  the  need  to  monitor 
the  rotational  position  of  the  Earth  (i.e.,  the  difference  UTl^UTC),  including 
the  motion  of  the  pole,  which,  among  other  applications,  must  also  be 
known  for  the  reduction  of  the  observed  UTO  to  UTl. 

The  Observatory’s  responsibility  is  to  serve  as  official  time  reference  for 
the  timed  systems  in  the  United  States.  Examples  arc  the  navigation  systems 
LORAN,  Omega,  Transit,  GPS,  and  communications  systems  such  as  VLF 
and  the  Defense  Satellite  Communication  System  (DSCS). 

It  is  clear  that  the  measurement  of  time  and  frequency  is  very  closely 
connected.  Yet  we  find  with  very  minor  exceptions  that  we  at  the  Observa* 
tor)'  have  an  entirely  different  thrust,  because  at  NBS  the  emphasis  is  on  the 
development  of  new  physics  for  clocks.  Our  major  problem  is  that  there  is 
no  long-term  guarantee  for  the  atomic  time  scale  reference.  It  is  important 
for  astronomers,  more  than  anyone  else,  to  stay  constant  in  clock  rate  within 
one  part  in  10^^.  After  a  couple  of  years  this  docs  make  for  differences  of 
microseconds,  of  importance  for  pulsar  re.scarch  and  so  on.  Absolute  mcas: 
uremciu  accuracy  must  be  improved,  and  that  is  where  the  major  thrust  goes 
at  NBS.  In  the  case  of  the  Observatory,  our  concern  is  with  epoch,  i.e..  time 
ol  day.  In  addition,  in  our  work  we  have  so  many  stations  and  so  many 
contacts  every  day  that  the  atmosphere  in  Time  Service  is  very  hectic.  The 
inanagemciU  of  precise  time  and  time  interval  activities  is  a  vast  .md  hilly 
consuming  efiurt.  Nevertheless,  pertinent  research  and  method  improve¬ 
ments  are  indi.spensibic  and  must  be  carrie  1  out  concurrently  with  daily 
operations.  Thank  you. 

(^;  Do  you  .anticipate  any  radical  changes  in  clock  technology? 

Winkler:  1  would  say  not  il  you  emphasize  the  word  “radical”.  'I'hc  }>robiem 
of  atomic  timekeeping  is  how  to  keep  an  atiun  in  its  mctastablc  state,  which 
is  necessary  ?u  ensure  a  vei)  narrow  line  witlth.  How  do  you  keep  an  atom 
in  sucli  a  state  (or  seconds  or  longer  without  it  bcir.g  disturbed?  You  c.mnoi 
fly  it  through  a  beam  lor  many  seconds,  unless  it  is  extremely  slow.  That  h.is 
been  tried  ami,  of  conr>c.  (hey  tall  to  the  ground  ar.d  never  inect  the  beam 
optii-s.  unless  you  ciicap>uiatc  them  into  a  butter  gas  or  in  .»  cell,  but  then 
fhev  iiit  other  atoms  and  get  dcsturbod.  So  the  proolem  is  how  r«>  keep  tiicsv 
metast.^ble  iraiisilions  .dive  so  that  you  can.  integrate  \a>ur  measurement  over 
a  long  jH:ru»d  ot  time. 

A  new  seheine  is  to  m  t  use  atoms  at  all  but  ions,  .md  p  u  k  these  ions 
in  .tn  approjinate  field,  r’lis  is  entirely  piissihle.  A  single  ion  wom.M  h.‘(\e  tlu- 
sanu*  or  veiv  .si:n?lar  projKriics  as  llte  alkali  metals  tii.it  aic  used  now  loi 
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um,  rubidium,  hydrogen  and  so  on.  These  are  the  presently  used  clock 
atoms.  Many  people,  including  myself,  feel  that  the  ion  storage  clock  is  a 
device  that  in  10-15  years  may  be  even  a  candidate  for  a  new  definition  of 
the  second.  But  in  the  meantime  we  feel  that  the  cesium  beam  is  not  yet 
fully  exploited.  The  fact  that  even  commercial  standards  have  been  shown 
to  produce  for  many  years  the  same  high  quality  performance  as  a  long  beam 
machine,  shows  that  the  major  problems  are  now  of  production  and  quality 
control,  not  of  design.  Our  main  problems  in  timekeeping  today  and  in  the 
application  ot  time  arc  mundane  things  like  batteries  and  power  failures  and 
stupidity. 

Q:  Nearly  twenty  years  ago  Markowitz  and  several  others  published  a  paper 
on  the  measurement  of  the  cesium  resonance  frequency  in  terms  of  ephem* 
cris  time.  Is  that  value  suj>crscdcd? 

Winkler:  No,  that  has  been  adopted  as  the  international  standard  of  time. 
Q:  It  is  no  longer  considered  provisional? 

Winkler:  No,  the  unit  of  time  is  the  duration  of  9,192.631 ,770  cycles  of  the 
particular  resonance  frcquncy  of  the  cesium  atom.  There  have  been  several 
studies  alter  that,  mainly  by  the  Royal  Greenwich  Observatory  gt^>np.  but 
they  have  all  been  well  within  the  errors  of  measuremenrs.  That  is  something 
whicii  anybody  who  has  ever  seen  that  old  instrument  will  never  understand 
how  it  was  possible  for  Markowitz  to  come  up  with  that  incredibly  accu¬ 
rate  result.  It  was  a  great  feat,  of  lasting  importance,  there  is  no  question. 


■  y.v„.  - 


•,■  ,  ^  ^  v^■  ,1 


ABSOLUTE  ASTROMETKY,  NOW  AND  IN  THE  FUTURE 

J;mics  A.  Huglics 
Director,  Transit  Circie  Division  * 

I  am  heie  to  talk  about  the  future  tit  the  transit  circle.  Fin  a  little 
vvorrietl  about  that,  because  we  are  the  only  division  that  already  lias  an 
histtirian  tm  tiiir  staff.  However,  we’ve  heard  today  about  the  mission  of  t!»e 
Naval  Observatory.  The  message  in  ti»e  case  tit  the  transit  circle  is  mueii  the 
same  as  it  was  at  the  inception  ot  the  Observatory.  'I’he  whole  .story  can  be 
tt)ld  in  ftiur  points:  (1)  first  cla.»s  navigatioii  ot  any  type  recjuircs  an  inertial 
system  either  directly  or  indirectly;  (2)  the  tundamcntal  stellar  reference 
.system  i.s  the  tmly  inertial  system  we  have;  (3)  the  fundamental  stellar  sys¬ 
tem  is  based  exclusively  on  transit  circle  telescope  observations:  and  '4)  we 
arc  the  only  supplier  in  the  United  Slates.  I  will  let  you  write  the  fifth  point. 

'I’hese  Statements  arc  all  ijuile  true.  1  am  not  trying  it)  propagandize  or  in 
any  way  say  stiinething  tliai  isn’t  absolutely  true.  Many  times  we  have  ditti- 
culiy  getting  these  points  across  to  budget  people  an*!  others,  'lake,  for 
example,  a  satellite  navigation  system.  Wijcn  SiUiieone  pushes  a  button  .md  ai 
LIT)  dispi.iy  gives  the  latitude  and  longitude,  and  then  a  transit  circle  person 
sa\  s,  “you  need  a  better  st.mdard  coordm.ue  system,’*  ihev  s.iv.  “we  don’t 
neetl  that,  we  h..vi  this  black  box.”  Ot  course  thev  prtib.d»l\  lionT  know 
that  someone  Inui  to  define  a  geodetic  d.iium  in  which  the  ioojdm.ites  of 
the  tracking  st.itior.s  are  given,  and  ih.it  in  turn  ilie  geodetic  d.iiuiu  tiepi  lui-. 
nil  Nunie  poor  geoilesist  oiii  there  on  a  ct.dtl  niglit  on  a  Laphtec  .M.tiitm  lictei 
miiimg  tnndamenral  a/iinuths  and  detn  vti».ri  iiJ  tiie  venic.tl.  i  he  iimnvdi.K\ 
is  iU)i  vjuite  tile  >..nne  as  it  w.is  in  the  go«»d  old  liays  uhen  .i  fellow  wa -ou: 
willi  .t  se\t.int  looking  diii^llv  at  the  Sun.  In  .i  sense  we  Is.tve  ^sune  .»  lone 
wav,  and  in  amitiiei  wa\  we  lealK  h.iven’l  m.uie  things  .wi  mnvh  flilteient 
.lire:  ..Ih 

1  would  like  t<>  d.iSv.Us  die  lOiiiMl  ciole  in  terms  i»f  cinien*  *»pe:aiMn% 
‘.ery  cpn- ki\ .  .,nd  then  in  terms  oi  rese.uch,  enl.nging  on  siUiu  the  du  ine  . 
bro.uv.eil  e.triiei  i»v  Dr.  W  esiei  hum . 


*!!»  j’ns,’  tlii-  i  (hulr  liivi’-nai  iouihauJ  -.vi’li  iln*  1. .  j4.>i  \  1  irst  a 

.Suili  O'  n»ri>i  die  M>ro\  liivtsiuu.  ol  v.  lddi  ill  H  t  i».  %  Was  ft.aii;  J  I 
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In  the  first  place  the  six-inch  transit  circle  (Figure  1),  which  is  undoubt¬ 
edly  the  premier  instrument  of  the  fundamental  system,  is  currently  engaged 
in  observing  zodiacal  and  FK4  stars.  The  resulting  absolute  catalog,  the 
W650,  will  be,  as  the  name  implies,  the  sixth  catalog  in  the  series  referred  to 
the  standard  epoch  1950.0. 

You  have  all  heard,  of  course,  about  our  hoped-for  mission  to  the  South¬ 
ern  Hemisphere,  in  particular  to  New  Zealand.  I  would  like  to  report  on  the 
status  of  that  at  the  present  time.  It  involves  military  construction  at  a  site 
on  tlic  north  end  of  the  South  Island  of  New  Zealand  near  a  town  called 
Blenheim.  At  the  moment  we  are  in  what  is  called  the  “minimum  military 
construction  bill”  for  fiscal  1982.  Now  “minimum”  might  sound  bad,  but 
actually  that’s  good.  The  way  military  construction  works  there  arc  so-callcd 
bands.  We  arc  in  the  minimum  band,  which  means  if  DoD  doesn’t  get  this  as 
a  minimum,  wc’rc  finished  as  a  country.  The  next  band  is  basic,  then  en¬ 
hanced.  Wc  arc  doing  rather  well  on  our  construction  for  fiscal  1982.  I  must 
candidly  say  that  there  are  some  difficulties  with  personnel,  but  wc  will  <;ross 
that  bridge  when  we  come  to  it. 

But  why  are  we  doing  this  project?  As  many  of  you  may  know,  the  lost 
fundamental,  and  I  repeat  ti»e  word  fundamental,  astrometric  observations  in 
the  Southern  Hemisphere  were  obtained  around  1948  by  the  Royal  C'lrecn- 
wich  Observatory  at  the  Cape  of  Good  Hope,  which  has  ol  cour.se  since 
doseil.  Now  it  is  true  that  we  ourselves  had  an  expedition  in  .^rgeniin.i  at 
Leoncito  in  the  late  I96()s  and  early  1970s.  where  we  did  manage  to  sneak  in 
a  tpi.isi  iundaineniai  program  which  gave  us  some  intormativm.  But  we  really 
showed  that  the  southern  sky  is  indeed  in  very  bad  shape  Iroin  the  point  ot 
view  of  a  lundamcntal  cot>rdinate  syiem.  We  ht>pe  to  .send  the  seven-inch 
transit  circle  and  the  twin  eight-inch  astrt^graph  which  is  presently  e!ig.tged 
here  in  the  /odi.ual  priigram,  which  I  am  sure  Dr.  Routiy  will  talk  al>  iUt. 
These  arc  to  be  tleployetl  in  N»'W  Zealand,  at  a  latitude  ot  about  this 

being  favorable  for  above-  ami  below  pole  separation  t*f  unknowns.  Wc  env: 
Sion  I  aving  alumt  ten  years  ol  obseiving  time.  WTen  Table  I  was  maiie  t!ie 
progr.im  vva>  to  start  in  fiscal  1981,  but  you  sec  it  has  now  slipped  i**  ti.v.d 
1982.  Bat  it  does  look  railicr  good. 

Altin-.  gii  we  talk  m  terms  0}  a.S«.utlutn  Hemisphere  ought 

to  bear  in  mind  tliat  the  Southern  Hemisphere  pn^gram  will  bciutii  il.e 
Nojthern  Hemisphere  just  as  well.  Bet au.se  after  all.  uliat  does  .t  Umvi.  ment.u 
ir.msit  circle  pr«v,ram  doi*  It  lictermines  essenually.  the  eehstiai  piiL-.  e«.ju.t 
tor  and  Cijuimix.  Forgetting  about  the  et{umo\  for  liie  nuauen:  ?l,e  fotm  1 
isvo  .ne.  we  Iiojh  .  .ipart.  But  then  to  the  south  of  the  Ciju.itot  .i  tuml.t 
ment.il  latalogue  obseivcd  in  the  north  ius»  iiails  off.  like  riie  p:  •  a  e<  Fial 
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Table  1.  Southern  Hemisphere  Astrometric  Proj^ram 

A.  Why? 

1.  Last  fundamental  astrometric  observations  in  the  Southern  Hemisphere  were 
obtained  in  1948  (RGO  Capetown,  since  closed). 

2.  Southern  errors  are  much  greater  than  northern  errors. 

B.  What? 

1.  A  transit  circle  and  an  astrographic  camera  deployed  in  New  Zealand  (favorable 
latitude)  for  ten  years. 

C.  When? 

1.  Observing  program  starts  in  FY-81. 

2.  Final  results  about  FY-91. 

hind  leg  tif  a  dog,  it’s  an  extrapolation  that  just  hangs  there  with  nothing  to 
pin  it  to.  By  going  now  to  the  Southern  Hemisphere,  we  can  observationally 
determine  the  south  pole  and  an  independent  equator,  and  apply  the  addi¬ 
tional  cotistraiiu  that  pole-to-polc  must  be  180®.  ft  sounds  like  a  triviality, 
but  we  have  suppressed  one  whole  degree  of  freedom;  that  is  extremely 
ifnportaiu,  as  I’m  sure  many  of  you  realize.  So  although  we  characterize  it  as 
a  Southern  Hemisphere  program,  we  ought  to  bear  in  mind  that  fnnn  the 
astrometric  or  a.stronomica}  point  of  view  we  are  really  talking  about  some¬ 
thing  which,  as  an  astrometrist  I’m  ashamed  to  say,  has  never  been  done 
before:  a  simultaneous  pole  to-pole  fundamental  progiani.  We’ll  chase  minor 
planets  up  and  down  the  sky,  p.L>sing  them  from  the  sixdncli  to  the  seven- 
inch  transit  circle  and  so  on. 

Another  current  project  we  h.ivc  in  conjunction  with  the  New  Zealand 
project  support  is  an  attempt  to  im>derni/c  aiul  to  some  extent  autiunaiv*  tljc 
sevendiuh  transit  circle  (Figure  2).  I  can  i>nly  report  to  you  at  the  moment 
that  things  are  going  reasonably  wel!  with  this  pri>jcci.  We  looked  at  Ft)larts 
List  week  with  the  image  tiisscclttr  and  got  stniie  incredihU  had  seeing  im 
a^c.-..  wdiieh  Hick  Branham  is  now  lighting  with,  living  to  find  if  the)  indeed 
li.ive  a  itMiicr.  W  -  hope  thc\  do.  and  some  i)t  the  other  accouireuientN  are 
coming  along  pretty  well.  We  haven't  run  into  any  brick  walls:  I  .\upp«jse  ih.it 
is  the  imporiaiu  thing.  Dur  new  circle  scanning  ssstem  is  looking  gi»ud.  Wc 
had  our  first  test  runs  on  the  prototype  last  week,  and  wc  are  getting  rcpe.it 
abllitie^  III  some  vases  around  the  5  7  iiiitro dcgice  level.  Ihc-e  are  pieiiy 
ginui  results. 

Aiuniier  vuireui  rcwarvii  project  is  .♦joint  proje.t  inv«»{\  lug  l*i  tm  eton 
Ihuversiiv.  I  draper  l..iboraior\  aiui  NASA  ii»  use  the  CUhitui!.  .\‘Ui<nioinit  .i| 
t  >hserv.titiry  J  )AOi  m  Us  Imal  das  s  «kt  life  lo  make  the  hr-.t  huge  .ingle 
astromemc  uieaMireimiits  fituii  vpace.  lu  last  liuise  aje  M.iffing  e\en  .♦%  we 
talk  now.  The  gvros  on  ilu  t  >.Al  >  were  nt*:  meant  lt>r  this  kind  <4  u.ing.  bnt 
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Fig.  2.  The  seven- 
inch  transit  circle. 
This  instrument 
will  be  deployed 
in  New  Zealand 
during  the  1980s 
for  fundamental 
astrornerric 
observations  of 
southern  stars. 


It  tufii%  out  (iial  they  have  been  pcrloiming  two  to  three  times  al^oe  sped 
li»i  the  ei^ht  yr.us  that  t>Al)  iiav  l>eci}  m  nrbii.  .So  we  ihoiiglit  (Ins 
Is  a  puul  V  to  see  wiial  we  eaii  vl**  to  demon^^trale  the  o>mepf  «?! 

sneasming  large  angles  inc{U.illy  in  spate.  VVe  are  using  a  spe».  irostope  si:t. 
aiui  we  will  only  iiu>\e  the  insiiumeni  in  saw.  We  ijave  useii  .oine  «  !  •»ui 
Soulheni  aiul  Norihein  Heniispheie  data  aiul  pit  ked  out  the  i tails  b.»d 
atlois  with  legaid  to  jKi.siiion  in  the  I  K*!.  We  liase  set  up  s.mou-.  (ii.ntgli  s, 
ami  SVC  will  nosv  measure  thte.e  witii  the  DAO  ami  ss  e  i?  s\i-  at  ie.c.? 
loniiim  the  ‘^r^  Hind  b.ised  ciUiec  lu>ns  sslikh  ate  tr.tik  ated  In  lotli  i!u 
\\asiiiMgti»u/I  eoiu  itti  results  lluil's  the  sesenimh  m  liie  Sou'iuon  IIimu 
sphere  tliat  I  ineniumed  earlier  atid  the  laiesi  catalogue  Ifom  tin  m\  imii, 
tin  Wadunglon  W^.^,,.  .Si.  ilm.  is  a  voniernpoiarv  etlort. 

}!  we  ssai^l  to  thrnk  .tboiU  leseaith  m  general  e.nd  loi  {he  fute.ti  .  ;t  *a:; 
ikliet  lh.it  iundarnenfal  asltoinefis  i..iU  hi-  mnwoved,  tiuoueh  un.tr.i'.  m  ’.ne 
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areas  indicated  in  Table  2.  The  first  is  the  study  of  the  atmosphere.  !t  seems 
in  so  many  cases  that  this  has  become  the  decisive  and  limiting  factor  for  our 
ultimate  accuracy.  We  propose  in  our  case  to  embark  upon  an  investigation 
of  the  local  atmosphere  using  LIDAR  techniques.  For  those  of  you  not 
famililiar  with  LIDAR,  it  is  an  acronym  similar  to  RADAR;  whereas 
RADAR  is  radio  detection  and  ranging,  LIDAR  is  light  detection  and  rang¬ 
ing.  It  is  an  accurate  method  that  uses  the  backscatter.  We  arc  looking  at  two 
kinds  of  LIDAR.  One  involves  Raman  backscatter,  which  is  molecularly 
specific,  and  in  the  other  kind  one  looks  at  the  on-frequency  backscatter. 
Here  you  need  a  tunable  laser  which  is  tuned  either  right  on  or  off  an  absorp¬ 
tion  line  of  the  species  under  study.  Both  of  these  methods  have  their  pluses 
aiul  minuses.  Measurement  of  water  vapor  in  the  atmosphere  is  done  almost 
routinely  using  both  of  these  methods,  so  I  really  don’t  consider  water  vapor 
quite  the  problem  it  has  been  in  the  past,  that  is,  out  to  ranges  of  possibly 
four  or  five  kilometers.  Higher  tlian  that  the  water  vapor  drops  off  pretty 
strongly  anyway ,  but  of  course  if  you  are  measuring  a  .slant  range,  you  have  a 
slightly  differem  problem.  This  is  a  beginning  R  A  D  project.  It  is  now  in  the 
stage  where  we  arc  looking  for  proposals  to  specify  a  system,  and  wc  iujpe 
next  fiscal  year  to  aciv'ally  build  it  and  have  it  in  u.sc  right  here  in  Washing¬ 
ton. 

C'oining  io  jnsiiit  B  of  Table  2  we  have  optical  and  infrared  imertcrorn- 
eiry.  The  i»ptical  is  of  course  the  most  difficult  of  all  the  interferometric 
ineiluHlN,  since  as  the  wavelengtii  gets  sinallci  the  incchanic.ii  problems  get 

I’alde  2.  fu  tr\ 

A.  Atnn»>j>hciic  Siudirs 

Kcd  lime  u| Wtiimaphcric  rcfuciioa  su: 

1.  l.li>AK  rat  live  probiaj;^; 

2.  Dupcoion  mcjiiufo 

h.  OpiUai  .»5ul  lult.trc<l  luicifri oiiKiry 

Ittlmu-.i  il  i  mivt‘j»is?  usiji;;  lasn  as  lisrol  usvifiatot 
i'.  1. .»!*;«--  Afij^le  .MvaiCfin^  l>vvKcj 

Uiviiicti  a  ptescruly  dte  moir  aetuiair  tleviic  (al>«>ul  0. 

Ittcoiai  tni'tiuiJi  »h«.\v  ^icai  piumUr 

I’i-.-iibiy  a  sv>lrtu  dui  lialUi  of  ajui  i.njj  lair: 

I).  IH.fu  ilCii  AiOotucIiu  Salclhtc 
l-olluWi.  i^'^ivaUy  ••(  ’*  jguvr 

No  atUM»--phcir 
No  J^.tasiu 

r\i:a  ^jlaitu  mrttial  tv  frfUJvr  fiaflic  '*|t:aval» 

IhiCvl  nicaiujrmenu  tfiaJr  »*1  "lipluai  mitnlrtpat'v  ’  «*i  taiiitk  louicri 
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bigger.  There  is  an  inverse  relationship.  However,  what  is  very  exciting  is  the 
infrared  region,  as  exemplified  by  Professor  Townes  and  his  group  working 
around  10-1 1  microns.  The  advantage  with  these  wavelengths  is  that  one  can 
use  a  laser  as  a  local  oscillator  and  then  have  a  heterodyne  system  just  as  one 
docs  in  radio,  and  from  there  on  the  analysis  of  the  data  is  precisely  the 
same -the  correspondence  is  practically  onc-for-onc.  There  are  two  nice  fea¬ 
tures  about  infrared.  One  is  that  several  hundred  FK4  stars,  according  to 
statistics  done  by  Tom  Corbin,  are  directly  obser\'able  by  this  tcchnicjue. 
using  mirrors  of  reasonable  size.  The  other  thing  is  that  if  one  looks  at  the 
dispersion  cur\'cs  of  the  atmosphere,  one  finds  that  around  10.5  microns 
they  cross  (as  far  as  water  vapor  in  the  air  is  concerned).  This  means  that  for 
an  infrared  interferometric  study,  you  really  don’t  care  what  the  constitu¬ 
ents  are  in  the  aimosphetc,  but  only  what  the  total  density  or  total  pressure 
is.  It  simplifies  a  lot  of  problems  when  you  do  not  have  to  woay  about  the 
constituents  you  :u’e  looking  through,  particularly  for  greater  zeiuth  dis-. 
tances. 

Up  until  this  very  day,  the  most  precise  and  accurate  observatii>nal 
method  of  measuring  large  angles  is  the  classical  divided  circle.  Ciranted.we 
use  it  in  conjunction  with  some  very  modern  scamung  technitjues,  but  we  are 
still  using  a  piece  o(  ineial.  or  in  some  cases  glass,  wi:i»  lines  scr.uched  on  it. 
'rhe  .iccuracy  that  we  get  Irom  this  is  <.)n  the  order  t>I  071)5,  aliln>ugh  ‘au  t»cw 
sc.mners  are  even  better  ih.in  that.  But  we  are  pr.ittiaiUy  coming  la  rhe 
point  where  we  cannot  push  that  technology  mucli  turthcr.  'rheu'  seenis  to 
l>e  a  brick  wall  .irtnind  li702  tor  this  kind  ot  technology.  But  atier  ail.  here 
you  have  something  ih.ii  i\  outside  ii»  the  observing  rt)om.  it  is  not  m  a  cle..n 
room,  not  m  a  coiitrolicd  environmem;  it  is  expanding  and  eoiirractmg  wiii> 
temperature,  .uul  so  i»ii.  It’s  ama/ing  me  that  sve  d»>su  well,  uhsejs  ir  g  .is 
we  do  in  ilie  real  world.  t)nc  v>i  the  ways  to  attack  lids  lundatr.entai  |  '^obleta 
to  .ok  tijc  tjuesiioii  of  iiim*  one  ntc.oures  large  .mgle:..  inertial  mt'thods 
show  great  promise.  Wh.a  we  ate  talking  .ihuui  here  arc  tiie  third,  generadoit 
g\ TON  and  even  l»eyond,  as  priiduced  b\  l)raper  Labs,  widcii  i.as  huih  liu- 
guidance  system  tor  practically  everything  that  Tve  heard  ot  that  went  n'*o> 
space  that’s  an  over.^{aleme!}t  I’m  sure.  Blit  some  t»t  tlu  ir  m  iiouse  decelop 
menis  are  \eiv  eneour.igiiig,  and  we  do  believe  It  sho-.ild  be  po^sinle  to  ntcre 
up  wiiii  mettiai  meliusds  that  will  h.ave  ,»  dovzbie  thins:.  In  liiv  fir^?  pluc.  we 
can  apply  them  on  the  groutui  to  mir  present  mstrumetu-.  i  n.*;  present  o> 
struments  will  serve  .ls  a  beiuhmark.  il  you  W'ilL  Wc  know  imw  tsuw  wtuk: 
we  kiu.w  wiial  we  Can  expect  tfum  llsciu.  M  wc  llien  apply  ihesc  :ru-r>  a‘ 
meiiuKis  ti*  i  ft  scni  instrumriualiou.  svr  u-m  ilu-ve  merti  »1  uu  tln  i\ 

vi>  a  vis  the  idil  establisiiecl  .uici  leltahlv.'  nie'l.ods,  H  Inese  tests  the:  p?  ',a 
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that  we  rcaliy  have  something  that  will  work,  the  next  seep  would  be  to  try 
to  make  measurements  from  space.  This  refers  to  what  was  mentioned  earlier 
about  making  astrometric  measurements  from  the  very  place  at  which  they 
arc  likely  to  be  used. 

Hence  point  C  leads  to  point  D  in  Table  2.  The  advantages  of  doing  as¬ 
trometry  trom  space  arc  rather  obvious:  no  atmosphere,  no  gravity,  and  the 
availability  oi  an  cxtragalactic  inertial  reference  exemplified  by  the  “optical 
counterparts”  of  radio  sources.  1  put  “optical  counterparts'*  in  quotes  be¬ 
cause  we  do  not  know  precisely  it  the  optica!  and  radio  emersions  do  indeed 
coincide.  And  this  is  a  very  important  consideration  in  fundamental  asircun- 
etry. 

Figure  3  shows  an  artist’s  conception  of  an  astrometric  satellite.  Without 
making  too  much  of  this,  let  me  say  that  what  we  arc  trying  to  depict  Iktc  is 
something  that  is  small,  simple  and  dedicated  to  the  task  of  fundamental 
astrofiietry;  i.c.,  large-angle  measurements  in  two  dimensions,  as  opposed  to 
measuring  angular  separations  alone.  We  could  then  do  several  things.  For 
example,  the  tninor  pUncts  can  be  referred  to  a  selected  set  of  stars  on  a  very 
regular  b*isis  just  as  we  do  now,  except  that  we  now  call  the  star.v  clock  stars. 
The  significance  of  clock  stars  is  lost,  of  course,  once  you  are  oH  the  Earth. 
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But  nonetheless  we  could  have  that  subset  of  stars  to  which  we  could  refer 
minor  planets  in  a  very  systematic  way  and  do  similar  reductions,  as  we  do 
on  the  ground.  By  having  an  integration  capability,  i.c.,  a  hover  and  hold 
capability  an  instrument  such  as  this,  we  can  extend  the  dynamic  range  and 
look  at  fainter  objects,  which  is  also  a  very  important  aspect  of  the-  whole 
problem. 

One  of  the  ongoing  questions  that  we  have  always  had  around  licrc,  at 
least  I  have  always  had,  has  been  just  what  clfect  refraction  has  on  an  imer- 
fcrometcr.  !  have  heard  statements  like,  “it  has  no  effect  at  all.*'  I  say  that  is 
absurd.  After  all,  the  device  measures  the  dot  product  of  the  baseline  and 
object  vectors,  and  if  the  latter  is  moved  by  refraction,  the  dot  product  must 
be  aflcctcd,  i  recall  myself  and  other  |)cople  who  shall  remain  unnamed 
going  around  and  around  in  a  friendly  way  on  this,  but  1  think  Figure  4  indi¬ 
cates  what  I  call  my  “definitive  mistake.”  The  point  is,  I  think  it  is  impor¬ 
tant  that  people  know  that  refraction  does  affect  interferometers  at  any 
wavelength.  However,  in  the  ease  of  interferometers,  there  is  a  definite  ud- 
vantage:  to  the  extent  that  the  atmosphere  is  plane-parallel  the  effect  tan- 
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eels.  Uniurcunacciy,  the  atmosphere  is  not  p!anc*paraiicl  or  dry.  and  the  I 

correction  between  the  pbnc  parallcl  and  the  spherical  and  structured  atmos-  ! 

phere  is  about  a  thousand  times  bigger  than  the  accuracy  inherently  possible  j 

with  an  interferometer.  When  the  effect  is  a  thousand  times  bigger  than  your  ■ 

precision,  I  don't  call  it  a  sccond*urder  eHect.  1’hat  is  probably  the  basis  of  J 

our  semantic  difficulties.  j 

Since  we  arc  the  sole  purveyors  of  fundamental  astrometry  nowadays.  \ 

iu)t  only  in  the  United  States,  but  in  the  Western  World,  we  find  ourselves  in 
a  somewhat  discomfiting  situation  as  follows.  On  the  one  hand  and  this 
has  been  mentioned  by  several  spe  ’:crs  -  we  have  an  operational  require 
mciii  and  the  necessity  of  furni5.)..ng  data  for  use  now.  On  the  other  hand, 
we  must  look  ahead,  and  we  must  not  become  t)ld  fashioned.  We  must  by  all 
»neans  avoid  the  “rnii  invented  here”  syndrome  and  the  "we  have  always 
done  it  that  way”  svndrome.  We  have  to  be  extremely  careful  ii>  .ivind  these. 

With  the  restrictions  on  the  number  of  people  we  have,  we  all  know  the 
dangers  we  fate  licrc  at  the  Observalor)  of  inbreeding.  We  have  to  be  cart' 
tul  about  that  as  well. 

I  sup|H)sc  this  all  sounds  like  a  cry  for  sympathy,  but  what  I  am  trying  to 
tell  you  IS  that  the  I  ransii  Circle  Division  is  aitcinpiiug  to  di>  two  things.  On 
•he  vmc  liand,  we  arc  trying  to  keep  the  tested,  tried  and  true  mciluxls  pro 
Utituig.  On  the  t>thti’  iiaiul  we  are  ir)  ing  to  look  ahead  a^id,  to  the  extent  of 
the  restmrccs  available  it>  us,  if)  mg  to  see  what  tan  be  done  with  some  «jf 
the  new  teciir.itjues.  I  am  stirrv  to  be  forced  fo  say  that  some  claims  are 
being  mule  no*.v.uiays  lliai  tauimi;  be  supported  by  the  facts  as  far  as  Itinda 
hu-ntai  astfiimctry  is  c»mccnied.  ‘I’his  ma\  have  been  an  iiuxuabK  <on 
sequeiuc  fi;r  the  siru^le  foi  limued  funds.  Rieave  imte  that  I'm  m>i  talking 
here  amm*  the  Ob>e!Vaiory.  but  about  the  asirometfK  c«.mjnum*\  tn 
general,  f  on  that  teast»si,  wc  m  the  transit  ctrvle  business  musl  l*c  a  bit  i  in- 
scrv.*itvc  bi:?  not  tiiij  vonscr>rattve  ’I  hat’s  the  tnck. 

N.  <».  Rtnnan:  I  itave  tWi»  qurstlv»ns.  I  tfst.  have  von  h»oked  int.>  tl-.e  usi- of 
uijvcfi-ouviuv.  ting  g^fos-'  m>  the\  offer  an)  avivatifages  !ot  spa^e».r?!t? 

Seioiutis,  on  the  asliomcttu  satellite,  are  sou  thmking  in  lenir.  of  a  V.  S. 

•jaleliitv*,  a  Navy  satelhie  tu'  i  iN ' 

Huvj.es'.  No,  SVC  are  speaking  ;n  ti  rins  of  fiie  Navv.  iun  ativc  it  s.w  uUi  has  e 
i..i|U?'-;lnics  tliat  I  llPrAUill  i-S  m>es  not  iiuxc.  As  tar  as  the  gvtos  are  toiUtin 
vii,  what  Ws.  iiave  rrail-,  tfiougiit  about  s^*  taf  o  -i  hsbfiit  ssstem  \\v  ivne 
lalhtni  a'n  mt  \erv  ,id-.aiu*d  gas  beaiitig  gsi**.  in  vonjmutitm  with  r<.s;g  l.r-'.* 
g\  n ‘S.  Vvi-  don’t  like  the  ;in,  laser  gsoo  alo;u  sin^e  s».u  have  'n. 
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but  a  hybrid  might  be  a  very  good  approach.  But  this  is  speculative  at  this 
point. 

R.  S.  Harrington:  (Exploratory  Development  Staff):  I  notice  you  have  said 
nothing  about  the  Automatic  Transit  Circle  in  Flagstaff. 

Hughes:  The  name  has  been  changed.  It  is  now  the  eight-inch  transit  circle.  I 
finally  said,  “Look,  the  optical  system  as  an  optical  system  is  very  good;  but 
we  are  never  going  to  stabilize  the  thing  with  respect  to  the  pivots,  the  cube, 
the  cage,  the  piers  and  so  on.”  So  we  took  out  the  entire  optical  system.  I 
sent  to  Flagstaff  a  little  four-inch  lens  that  we  had  pirated  from  a  University 
of  Pennsylvania  transit  instrument  that  we  had  here.  We  mounted  tha:  to  the 
basic  tube  structure,  and  went  through  the  same  series  of  stability  tests  tliat 
the  instrument  had  failed  with  the  original  optics.  It  now  passed  with  flying 
colors.  And  indeed  in  some  cases  it  was  apparently  more  stable  than  either 
the  six-inch  or  the  seven-inch  transit  circles.  Which  is  to  say,  mechanically, 
the  cube-tube-cage  structure  is  very  good,  and  all  the  problems  were  in  the 
reflecting  optical  components  and  in  trying  to  keep  them  fixed  -  not  with 
respect  to  each  other,  which  they  did  pretty  well,  but  with  respect  to  the 
b:uTcl.  At  that  point,  wc  had  some  money  left  over,  which  we  have  used  to 
get  an  eight-inch  lens,  a  classical  doublet.  I’hc  optical  specifications  arc  the 
same  as  the  present  specifications  of  the  six-inch,  will, ’’  performs  very  well. 
We  hope  to  have  the  lens  delivered  in  a  few  months  and  then  installed.  Wc 
have  done  pivot  measures  and  screw  errors  already.  WeVe  going  to  do  circle 
diameter  corrections,  and  .sometime  next  calendar  year  that  instrument  will 
be  ready  to  go.  Wc  already  have  several  programs  lined  up  for  strictly  differ¬ 
ential  work.  For  example,  occultation  candidates,  radio  source  reference 
.stars,  referring  ilie  PZ’F  stars  to  the  FK5,  and  so  on. 

R.  H.  Schmidt  (Nautic:il  Alm.inac  Office):  For  your  ten-year  program  in  Nev. 
Zealand,  how  many  people  will  be  down  there  permanently,  .md  where  are 
they  coming  from? 

Hughes:  1  wuuld  supptjse  there  would  be  si>niething  on  the  order  of  a  lialt 
dozen  pectple  letjuired  to  carry  out  the  transit  circle  progratn.  We  hope  to 
hire  some  New  Zealanders,  '''here  are  all  kinds  of  mixes  of  j’ersoanei  one 
could  envision,  depending  U})on  lot  of  decisions  that  have  to  l)e  made,  both 
wiihiti  and  witlnnit  the  Observatory. 

\V.  li.  How.ird  iNational  .Stieiue  Found.ition) :  There  i-^  some  .AusU.di.m 
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astrometry  going  on.  Can  you  comment  on  how  your  program  would  inter¬ 
act  with  theirs?  Are  they  not  doing  it  with  your  sophistication? 

Hughes:  The  difficulty  in  the  Southern  Hemisphere  is  that  there  is  no  jiimla- 
mentid  astrometry  going  on  whatsoever.  There  is  good  photographic  work 
and  good  transit  circle  work,  but  there  is  no  comprehensive  program,  even  in 
the  differential  case.  For  example,  there  is  no  comprehensive  re-observation 
of  the  entire  Southern  Reference  Star  system  (SRS)  by  transit  circles,  which 
certainly  is  called  for.  We  essentially  do  not  have  any  idea  of  the  proper 
motions  of  the  SRS,  at  least  not  in  any  scientifically  meaningful  way.  Pend¬ 
ing  the  arrival  of  the  FK5,  I  don’t  know  what  might  happen.  But  there  is  no 
fundamental  work  whatsoever  at  this  time. 

T.  E.  Corbin  (Transit  Circle  Division):  I  might  point  out  that  although  funda¬ 
mental  observations  of  FK4  stars  were  last  made  in  1948,  some  of  the  new 
members  of  the  FK5  haven’t  appeared  in  a  fundamental  catalogue  for  many 
decades. 

Hughes:  Yes,  what  Tom  Corbin  has  touched  on  here  is  something  that  really 
concerns  us  in  the  fundainental  astrometric  community.  When  the  FK5 
comes  out  it  will  have  what  is  called  a  faint  fundamental  extension,  which  is 
a  very  welcome  thing  —  several  thousand  stars  in  the  seventh  to  ninth  visual 
magnitude  range  added  to  the  fundamental  sytem.  But  1  can  ;ussure  you  - 
and  this  is  what  Dr,  Corbin  was  referring  to  -  that  by  putting  the  positions 
and  nuitions  of  these  stars  in  a  catalogue,  they  are  not  going  to  be  of  funda- 
ine:ital  cjualiiy.  The  FK4  is  bimodal  hemispherically.  The  FK5  is  likely  to  be 
bimoda!  iieinispherically  and  with  respect  to  magnitude  as  well. 
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SCiENTiFIC  PROGRAMS  OF  THE 
EXPLORATORY  DEVELOPMENT  STAFF 

Paul  M.  Routly 

Head,  Exploratory  Development  Staff* 

The  programs  in  the  Exploratory  Development  Staff  (EDS)  are  of  a  long- 
range  nature,  and  they  feed  directly  into  tiie  other  divisions  here  at  the 
Observatory.  They  .ilso  liave  a  very  powerful  impact  and  spifjoff  in  the 
astrophysical  world. 

!  think  the  best  way  in  which  to  describe  our  work  and  future  plans  is 
to  explain  the  programs  themselves  in  some  detail.  Let  me  list  the  four  prin¬ 
cipal  programs  in  which  we  are  presently  engaged: 

1 .  Parallaxes/Proper  Motions  of  Nearby  Stars 

2.  Astrographic  Catalog 

3.  Visual  and  Piiotogruphic  Uinary  Stars 

4.  Astrometry  of  Solar  System  Objects 

I'lie  parallax/propcr  ir.otion  program,  undertaken  jointly  with  the  Flagstaff 
Station,  is  restricted  to  faint  stars  lying  in  the  magnitude  range  between  12 
and  18.  ’i'his  is  the  largest  of  its  kind  in  the  world  by  far.  and  reall)  defines 
the  stellar  inch.  It  is  the  program  ti'at  establishes  the  basic  stcilar  disi.mce 
scale  to  which  all  other  stell.ir  and  galactic  disiances  are  idtimateK  referred. 
■|*he  asiiographle  catalogue  a  unii»ue  effort  ojj  our  part  to  tome  up  with  a 
new  ear.tlogue  of  star  positions  for  both  the  Northern  and  S«nithern  I’emo 
spheres.  It  is  unii|uc  in  the  sense  that  tiic  astrographic  observations  will  be 
c.uried  out  in  the  St>iiiher!i  i  leinispiierc  at  the  same  mean  cfjoch  ami  from 
ihe  s.nne  position  as  the  planned  transit  circle  tibservations.  T.he  third  pro 
gr.im  coiKvrns  double  st.irs.  We  t.iiry  oiit  here  the  largc.^t  progiajn  in  tin- 
world  on  ilouble  st.irs.  both  visual  and  photogr.ipinc.  And  loiuiij.wc  have  a 
pr‘..gr;uu  h.iving  to  do  with  tlie  astrometry  of  sol.n  system  object'*,  pnmurib 
liU’inr  planets  .iml  sateibtes,  altlniUgh  comets  .ire  also  of  iutcicst  ro  us. 

i.iM  me  m)w  \v!\  ijuickiy  go  ihrinigh  eacii  tlic.se  pr(Hgr:nnv  in  turn, 
uescnbe  the  origin  of  the  prugr.iiu.  what  eijuipment  is  used,  wh.'t  luniianons 

*!n  ilu*  lApluratory  Devclopnicni  .S’O'lf  w.ii  nMMh'ncd  witl*  dtf '1  f4!l^u  t  irclc  Dixi 

Cl*  I  fill  du;  Asn<*nictry  liivisiop. 
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apply,  what  results  have  been  obtained  so  far,  and  where  we  hope  to  go  in 
the  future. 

First  of  all,  the  basic  telescope  that  is  used  for  the  parallax  plate-taking  is 
the  61-inch  astrometric  reflector  in  Flagstaff.  Indeed,  I  should  point  out  that 
this  program  is  a  joint  effort  between  the  EDS  group  in  Washingtoii  and  the 
astrometric  group  at  the  Flagstaff  Station.  The  manager  of  the  program  is 
Bob  Harrington,  who  is  ably  assisted  here  in  Washington  by  Jim  Christy  and 
Varkey  K;iilarakal.  The  actual  observations  arc  made  in  Flagstaff,  and  the 
gentleman  out  there  who  selects  the  parallax  stars,  runs  the  program,  and 
carries  out  all  the  photometry  is  Conard  Dahn,  assisted  by  most  of  the  staff 
in  Flagstaff. 

The  parallax  program  was  started  in  1964,  and  in  fact  the  61 -inch  astro- 
metric  reflector  was  specifically  built  to  carry  out  this  program.  The  second 
instrumental  partner  in  the  program  is  SAMM,  the  Semi-Automatic  Measur¬ 
ing  Machine,  the  first  of  its  kind  tt>  be  used  in  astronoiny.  The  basic  features 
of  this  machine  arc  that  it  can  move  around  on  a  photographic  plate  to  posi¬ 
tions  that  are  fed  to  the  machine  in  advance  and,  most  importantly,  that  it 
has  the  capability  of  centering  on  stellar  images  automatically  without  any 
personal  bias  from  the  operator.  Bccuasc  of  these  automatic  teaiures.  it  is 
possible  to  carry  out  a  series  of  ineasiiremenis  with  SAMM  lasting  some 
hours  without  obvious  degradation  in  the  cjuality  of  the  work  because  of 
operator  fatigue. 

Figure  1  shows  the  61 -inch.  I’m  sure  everyone  at  the  Observatory  has 
seen  this  photograph  many  times  before.  It  shows  Dr.  .Strand  sr.mding  at  the 
bottom  (it  the  instrument.  He  conceived  the  idea  v.f  the  reflector  and  the 
SAMM  measuring  engine  logctiier  as  a  woiking  system.  The  61  -inch  is  a  very 
iiueresiiiig  telescope.  It  ccmsisis  ol  a  parabolic  primary,  but  insie.ui  ot  .i 
hyperbolic  secondary  as  you  might  expect,  it  has  a  flat  second.uy  v.liicli  re¬ 
flects  starlight  down  the  telescope  tube  through  a  hole  in  the  priniaiN  mirror 
to  .1  phoiogr.ipliie  plate  bchiiul.  The  61-indi  is  like  a  conveiuion.il  C!as>e- 
grain,  except  tor  the  flat  secondary;  in  a  sense  it  can  be  tliouglit  ol  .is  a 
folded  Newtonian.  ’I'lie  uuKjUe  design  leatiire  oi  this  telescope  is  iluii  .<s  it 
assumes  various  positions  in  the  sky.  ami  as  the  teiesco[K-  tube  iirot*ps  tiom 
its  t>wii  weight,  tiie  cantilever  design  of  the  tube  t.uises  the  fiat  se*.inulary  to 
move  p.ir.dlel  t<)  itself.  The  point  is  th.ii  tiic  opi-e.d  .i\is  of  r!;e  6  I  n. vis 
mcch.mic.illy  stable  in  the  .sense  that  ii  mtersects  the  photographic  pl.iie  .it 
tile  same  point  all  the  time,  rcg.irdless  ot  the  telescope  position.  rlii\  is  ..Me 
of  (he  absoluti  ly  b.isir  reijuireineiits  for  the  mstiuinent  lo.  lu  istiometru. 

‘I'lie  m.igmtuiie  range  oi  the  jMrallax  }}iogiain  iiirs  betv.eeir  1 .!  ml  S  • 
f.iilit  stars  liecause  the  light  gr.isp  of  the  fil  inch  is  so  gre.n  th.>j  ue 
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handle  bright  stars;  at  least  we  haven’t  been  able  until  very  recently.  This 
means  that  the  program  is  really  designed  to  measure  the  distances  to  objects 
like  red  dwarfs  and  degenerate  stars.  In  addition  to  plate-taking,  I'Bl'  pho¬ 
tometry  is  also  carried  out  routinely  on  all  program  stars  with  the  6 1 -inch  by 
Conard  Dahn. 

The  problem  of  choosing  a  star  with  a  likelihood  of  having  a  non-zero 
paralhix  is  an  important  consideration.  At  first,  we  utilized  the  criterion  of 
high  proper  motion.  It  was  argued  that  if  a  star  had  a  high  proper  motion, 
then  the  probability  was  fairly  good  that  it  was  nearby  and  so  had  a  meas¬ 
urable  trigonometric  parallax.  We  used  for  this  criterion  tlie  two  proper 
motion  surveys  of  Henry  Giclas  and  William  Luyten.  More  recently  Conard 
Dahn  has  been  carrying  out  preliminary  UBV!  photometry  on  all  candidate 
stars  because  he  has  found  the  C  1  index  correlates  strongly  with  absolute 
magnitude  and  gives  a  better  indication  of  distance  than  liigh  proper  motion,. 

Once  a  star  has  been  placed  on  the  parallax  program  35-40  plates  are 
taken  of  it  over  three  or  four  years.  These  plates  arc  sent  to  Washington 
where  they  are  measured  on  the  SAMM  measuring  engine. 

Frojn  rlii'J  program  six  individual  lists  of  parallaxes  have  been  published 
containing  a  total  of  582  parallaxes.  'I'he  distribution  of  the  par.tllax  stars  is 
pretty  uniform,  down  to  about  declination  10°,  and  is  good,  though  not 
uniform,  down  to  dc<  liiiation  •  20°.  Figure  2  shows  the  new  data  phjtied  on 
;i  Hertzsprung-Kusscll  diagram.  One  cari  see  that  an  enormous  amount  i>f 
detail  has  been  added  to  the  faint  end  nf  the  main  sequence  as  well  as  to  the 
doge  1 1  e  r  a  t  c  set  j  u  e  n  ce . 

One  ol  the  most  amazing  results  tii.it  has  come  "Ul  of  this  work  so  lar 
and  (he  re.isoii.  I  think,  that  i!ic  Ol-incli  is  appropriately  rcg.irded  almost  .i^ 
llie  staiKl.ird  v)f  the  astroiiietric  \vt)rlti  iliesc  days  concerns  ciri.'rs.  After  tlie 
first  lists  wcie  published.  Bob  H.irriiigton  li.ui  enough  d.ita  to  c.in\  out  a 
:  tatistit.il  analysis  of  the  errors,  liy  using  the  field  stars  to  determine  esteinal 
vrior,  ami  by  comparing  lhi.^  with  the  internal  error  that  we  wtn-  tonu.iii\ 
cakul.iting  all  along,  vve  fouiul  that  these  two  ciiors  were  liie  s.ime.  duuit 
0”()04.  ilR*  conclusion  to  be  drawn  from  tliis  is  tiiai  the  C»1  iiub  rt  flec  toi, 
SAMM  i  ombiiiatiiai  is  an  astrometric  ilevite  tluit  has  no  systematic  iroU' 
at  libs  level. 'fiiis  is  .t  \erv  nnusual  cuntlusitm,  p.it liwiii.iriv  in  vitw  .-t  the  laei 
that  all  p.ir.illax  d.eternimaiions  prior  to  the  (»l  iucli  ilu-  exception  of  a 

few  par.ill.ix'es  that  were  attcmpieil  on  the  (>()  inch  .it  Ml.  Wiismi  m  the  r.uU 
davs;  were  obtained  with  rclr.»clors  aiut  show  ratlicr  bad  ststeunaic  e:n>i.s. 
or  eeil.iin'y  systematit  errors  tiuu  .iie  non  zero.  So  we  ccm.lud.i.  ;!ia;  Nsr  ilu- 
61 -inch/SAMM  eiiinbinaii*in  tiic  internal  err<ir  is  re.tlly  equal  u;  in  ii  u 
eiti'r. 'riiis  means  that  within  suine  timie  liiiui.  we  can  tletrcaM-  flu  ^  r:  >:  .u  d 
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iiijprovc  the  overall  situation,  by  simply  cruntliing  away  and  exposnui  more 
piato.’s.  II,  for  example,  instead  oi  a  series  of  4U  plates,  from  wliieli  we 
typically  i;et  an  erri>r  of  t)!\)04,  we  were  to  e.xpose  160  plates,  whicb  is  a 
heavy  burden  to  carry,  though  not  impossible  if  the  reasons  f<«r  d  were 
important  enough,  one  coidd  tut  this  error  down  to  0!'ot)2.  At  what  level 
s)  sicmatic  errors  will  rear  tlioir  ugly  head  is  not  known,  but  we  expect  that 
we  will  be  able  to  come  ilown  to 

suminan/e,  with  the  prc.sent  40  plate  series,  we  have  esNentiallv  m 
crea.sed  die  range  from  25  parsecs,  which  is  wiujt  irigom)nietri(,  [’arailaxe.s 
were  always  thouglit  ro  lie  limited  to  in  the  pasl.oui  tti  250  parsvts.  We  aie 
now  sampling,  ;»r  can  sam|>ie,  a  much  larger  volume  of  spa«.e  than  was  pos 
sible  before,  Wiili  nu»re  lengthy  plate  serie.s,  we  should  be  able  to  tUrivi- 
asirt>phv:>ical  information  abiuii  tsbjeccs  such  as  giants,  subgi.mts.  pheids 
.md  RR  Lsrae  stars  by  dettimining  the  distances  to  liiem  direetk.  I  lu  re  is 
even  some  hope  that  we  might  be  able  to  determine  trigiinoirctr:,. alls  tlie 
distances  to  the  ifyadcs  and  Ideiades  clioieis.  which  opens  up  .»  whoK  Pan 
viora’s  box  <»t  possibilities  regarding  the  diriut  calibration  !n->;t  u  rn-u..- 
distaiu  e  .scales. 
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Another  v'cry  important  result  concerning  briglit  stars  has  come  out  of 
the  error  analyses.  1  mentioned  at  the  beginning  that,  because  of  the  light 
grasp  ot  thic  tcicscopc,  wc  arc  iimited  to  a  magiiitude  range  between  12  and 
18.  We  cannot  photograph  a  bright  star  with  the  correct  exposure  and  have 
at  the  same  time  the  required  number  of  faint  field  stars  on  the  plate  to  be 
able  to  measure  the  position  of  the  bright  star  accurately  enough  to  produce 
a  parallax.  Furthermore,  most  bright  stars  arc  far  away  and  have  very  small 
parallaxes,  and  hence  arc  not  ordinarily  promising  candid-  tes  for  the  trigo¬ 
nometric  parallax  determination. 

We  think  '--e  arc  now  at  a  stage  where  these  difficulties  regarding  bright 
star  parallaxc..  in  be  partly  overcome.  First,  wc  can  take  many  more  plates 
so  as  to  reduce  the  errors  and  detect  even  smaller  parallaxes.  Second.  u>  solve 
the  magnitude  problem,  a  series  of  filters  is  being  prepared  with  vacuum 
deposited  inconel  spots  whicli  will  result  in  attenuations  of  one.  two.  three, 
four  or  five  magnitudes  and  so  on.  The  idea  is  to  place  the  im.ige  of  the 
briglit  star  on  a  spot  of  appropriate  attenuation  so  that  the  bright  star  photo¬ 
graphs  as  though  it  were  similar  in  brightness  to  the  held  stars  around  it. 

Another  thing  wc  are  going  to  do  is  to  go  to  tine  grain  plates  in  an 
attempt  to  cut  down  on  the  plate  error.  Wc  think  we  might  be  able  tu  cut 
the  plate  error,  i.e.,  the  .signal-tc* -ntn.se  problem,  by  half  if  vve  go  tt>  finer 
pi.ites.  ‘rh»;se  plate.s  will  have  to  be  sensitized  (b.iked)  m  forming  gas  in  tndei 
to  get  ihcMii  back  np  to  the  speed  of  tlie  places  we  arc  !U*w  using. 

We  are  dso  beginning  to  worry  abtiui  the  connection  to  abstilme  paral¬ 
laxes  .So  f.tr  we  have  beem  talking  abtnii  relaciv'c  parallaxes  only.  With  the 
accuracy  capability  of  the  sort  being  described  here,  however,  one  can 
aeuially  try  it)  measure  the  parallaxes  of  quasars  t)r  galaxies.  These,  ot 
course,  should  be  zert).  li  .i  small  nim-zcro  value  is  obtained,  tins  coaid  be 
regarded  as  a  eonvetitm  to  abstilute  lor  that  particular  paralLix  fiehl.  It 
eiu)ugli  stuii  quasar  parallaxes  could  be  obtaineii,  they  woultl  liel|.>  tali 
brate  the  stalisiieal  ct»rrectit)ns  ihav  applicti  over  tiie  entire  sky, 

Finall),  tlu*  quesiit)n  oi  accuracy  has  tuiw  reached  the  ptdni  wiiere  it  will 
be  possible  a:ul  ihere  is  .ui  lAU  ctnninittec  winking  on  this  problem  nglit 
nt)W  iv»  cl'oose  a  set  ttl  si.,rs  whose  parallaxes  are  th.'  best  detenaincti  aiid 
It)  ct)m[>.iie  (iie  parailaxes  tjj  rhese  stars  .is  t)btaineil  by  v.iiitms  t»bsei v.ttiU ivs. 
tine  t)t  ilu*  gieat  prtjbleius  in  parallax  work  is  u»  knt»w  ht)W  it»  mierpis-t  tlir 
j'.ualiax  daf.i  td  one  observait»ry  with  respect  ti)  tl.il.t  fioin  anotlK  !.  i  lu  ic  is 
lit)  vv.iv  oi  knowing  init/o  how  to  correct  .i  p.ir.i'lax  trorn  l )bser\atin\  A 
with  tli.K  t)f  Observatory  i*  in  tinier  it)  bring  .til  of  ihesc  numbers  a 

Ctiimmin  .svsteni  wiieie  there  wouKl  prcsuiu.ihly  be  no  svsiein.UK  tMioi. 

I  shoidd  .»|so  mention  ihal  we  aie  ge'.tmg  piopei  motions  <<u’.  oi  ill’s 


150 


ROUTLY:  EXPLORATORY  DEVELOPMENT  PROGRAMS 


work  as  we  proceed.  The  solution  tor  the  parallax  of  a  star  also  produces  its 
proper  motion,  and  some  very  interesting  results  have  already  emerged,  in¬ 
cluding  the  detection  of  unseen  companions.  Thus  far,  perturbations  ot  nine 
apparently  single  parallax  stars  have  been  established  which  indicate  the 
existence  of  binary  motion. 

Tiie  next  program  1  would  like  to  describe  is  the  asirographic  cat:iloguc. 
'I  nis  i.s  a  program  which  is  carried  out  here  at  the  Observ'atory  and  is  under 
tlie  management  of  Geoffrey  Douglass,  a::sistcd  by  Jim  Christy  and  Varkey 
Kallarakal.  Figure  3  shows  the  tv/in  f;l0  eight-inch  astrograph  used  in  the 
program.  It  is  .a  brand  new  instrument  and  consists  of  two  separate  tele¬ 
scopes  mounted  in  parallel  on  a  standard  24-inch  Boiler  and  Cidvens  drive. 
The  lens  ot  v)nc  telescope  is  corrected  for  the  blue  or  photographic:  spectral 
band,  and  the  other  lens  is  coircctcd  for  the  yellow  or  visual.  Each  telescope 
has  its  own  8x1 0-inch  plate  holder  and  photographs  a  region  in  the  .sky 
roughly  5x6  degrees,  In  addition,  there  is  an  auxiliary  sLx-inch  scope  mount¬ 
ed  in  the  cluster  which  carries  a  simple  right  ascen.sion  guidcr.  sensitive 
down  to  ninth  or  tenth  magnitude.  The  design  of  the  lenses  is  rather  unique. 
*l  hey  are  b,esically  of  the  Ross  type,  but  unlike  conventional  Ro.>s  lenses  the 
filters  defining  the  spectral  band  passes  arc  permanently  iiunmted  jn  each 
lens  cell  as  elements  of  zero  power.  The  hope  ol  this  feature  i.s  that  ilu*  filteis 
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4.  Close-up  of  the  lcn>  arc;»  of  U\c 
eij;hc-iut:h  astro^rjph,  showing  ilic 
thaC  monitors  p.csijrc. 


will  not  get  broken  as  they  frequently 
do  in  other  types  of  astrometric  pro¬ 
grams,  where  the  filters  are  placed  in 
platcholdcrs  immediately  in  front  of 
tltc  photographic  plate. 

Another  unique  feature  of  these 
lenses  is  that  they  are  sealed.  There  is 
no  way  that  air  from  the  outside  can 
get  into  the  interior  to  allow  moisture 
or  dirt  to  condense  or  deposit  over  the 
internal  lens  surfaces.  Now  of  course 
you  will  say,  if  you  have  a  lierinetical- 
ly  sealed  lens,  how  vio  you  lumdlc  the 
pressure  problem?  This  is  solved  by 
providing  for  venting  through  stop¬ 
cocks  drilled  into  the  walls  of  each 
lens  cell.  All  of  tiic  inner  spaces  of  the 
iens  cell  are  connected  together  by 
channels,  and  we  can  pirge  tia*  lens 
witli  medical  ouaiity  dry  jutrogen 
from  time  to  time  througii  tiic  stop¬ 
cocks.  Ordinarily  the  ie'\ses  ate  operatctl  with  a  slight  ptjsiiiw  pressure  of 
nitrogen  in  eurh  lens  cell  and  a  sensitive  pressure  gauge  is  mounted  on  each 
cell  for  ciintrolliiig  and  monitoring  purposes  (f’igurc  4}.  In  addition..!  bl.id- 
dcr  is  ct'unccied  i<*  each  lens  cell  by  cygon  tubing  to  allow  t  en, tin  .nnount 
of  expansion  and  eon{rac\.:on  of  the  niirogeii  gas  as  the  temperature  i  h.mg.'s. 
It  turns  *uit  so  lar  to  be  a  very  fine  .system  indeed. 

Figure  5  slu;ws  .Starscan,  tiie  new  measuring  engine  used  in  the  .oti  > 
graphic  c.*t.ih>gue  program.  T  he  spct ifie.it ions  ftu  tins  rtigine  were  written  at 
tlie  Obseivatitty  on  ,hc  ba.sis  ol  our  experience  with  the  SAMM  machine.  It 
was  tabiii.ai^d  by  Optrtmics  Intel  national  in  Cihclintord,  Massachusetts,  and 
\v.;s  debveted  tt>  u.s  -aMnc  years  back.  After  a  lengthy  perituf  o!  struggle  .ind 
modifKatnui,  \vc  tinaily  giit  ali  ilu-  bugs  worked  v>ui.  ami  it  is  <  r  w.'.s 

until  .1  lightening  surge  ihriJUgh  il.c  lines  fouled  *ap-*t)nie  solid  state  eh  itn-n 
Us  '.vt>rknig  juacnifuentiy,  A  large  screen  gives  a  M)  time'*  magnified  sicw 
of  the  plate  umier  'ueasurement.  vvldch  in  turn  ts  carneii  by  huge  gsaiuti 
si.iges  huhien  beliimi  tlie  screen  in  this  ph  Pograpii.  T'hc  t>pc'..i'  >r  ..tji  tu«>ve 
the  stages  .jti  i.n.i  t>\  juiiier  handwIiecTs  of  |oy  stick.  1  lie  st.fges  th  m  .elves 
sse.gh  .:pp! t >s un.itel V  iHiH)  j)i>unds  ami  luove  with  pr.sciU.dis  m* 
liecause  'in  v  are  :.uj  ported  by  .»:r  bc.rnngs. 


Fig  5.  Starscan,  the  macninc  used  to  measure  star  positions  on  the  photonrapiik 

qI  the  asik'ugraphic  program. 


Figur;*  6  .shows  die  real  heart  of  the  niacld:’  .  Whet;  a  ^ur  image  h 
brougiu  close  to  the  optical  uxi$  oi  St.ir.scan,  a  double  (ir.mi  dcitsttv  profile 
oj  the  image  is  displuved  for  both  the  .v  .  ’td  v  axes  on  separate  small  (  l<  I  s. 
When  the  machine  i.s  ci>ininanded  to  lenter.  tlic  dtmble  prt>fiK^  snap  O'^cih 
er  lo  form  a  single  |»rid»le  for  e;»ch  axis  as  shown  in  f'igure  7,  Also  si.t.wn  in 
these  figures  is  the  readom  of  image  opasily,  whici'  is  relaleti  to  tiKigitiiudv, 
and  the  .v  atul  v  positions  td  the  image  expressed  to  the  nearest  micron, 
‘rhese  mnubers  are  stoicif  on  magnerie  tape  as  the  measurements  prt^ieed. 

lake  SAMM,  Starsc.tn  is  a  senn  ;mtomatic  machine.  It  has  the  sapabilits 
to  ccntei  autoinalicaliy  and  o»  move  aiouiul  the  p>a?e  auionsat.cal! »  i!  ap 
proximate  po.siiiunal  data  is  fed  mto  ttie  machine  to  begin  with,  tt  is  a  son 
fast  macitme  mdeei!.  and  has  a  number  of  iinpo  taut  poii*nii;d>  th.it  we  .oe 
rr\  mg  it*  capitab/e  on,  wIikIi  1  sh.dl  discuss  in  a  intmient. 

I  he  .istrograpiuv  caiah>guc  program  was  begun  m  V.r  ,iu  .tkm,: 

plates  now  down,  to  liu  plate  limit  of  niagiututie  12  in  the  soua*'  .nu.  1  >  m 
the  blue.  Our  first  effort  is  the  /otiiacal  band.  wtdi  .  teuirtcti  tfu 
ei  hpiu  .  Tile  pl.jlcs  aie  being  measuri-d  tiowii  lo  tiic  jjiisus  flu-  Smnh»« 
i.i’s  A>tf •  *|th\  sK ai  t  I sa!« *r\  i.SAvl;  cat.ii.igwe,  nanu as  .  \\  « 

are  .li^o  1 1  nieasui  the  otigmai  Y.de  /oUv-  plau  v  wiiuh  vO  ai  la  tlu 
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6  &  7.  ClosC'Up  of  Starscan  image  proftles  before  (left)  and  after  centering. 
X,  y  positions  arc  in  microns. 


coiupiiatH)!!  uf  the  SAD.  Our  initial  intcntioii  is  to  publish  a  /ixliacal  cata 
lo^uc  as  soon  .is  we  can  which  will  go  as  laint  as  9.5  magniliuie  and  will  give 
positions  to  O!']  lor  250.000  stars.  We  are  using  the  fundaineiual  re'ereiice 
Iranio  established  by  the  Transit  Ciiclc  people,  basically  the  ACIK3H  cai.i- 
iogiic  and  proper  motions  provided  by  Tom  Corbin. 

1‘rogre.ss  to  date  on  the  astrographic  program  is  a  follows:  the  /oili.ical 
observations  arc  95%  complete,  reme:ourcmeni  of  the  Yale  plates  is  70/> 
eoinplele,  and  mcasmement  ol  the  Naval  Observatory  platc.s  i.s  5"..  complete. 
‘I'hc  major  etbnt  vve  are  mounting  at  the  moment  is  the  upgrading  oi  Sru- 
scan  itself.  We  .ue  dunging  the  little  on  line  HP  2214R  computer  that  (.aine 
with  .Starscan  to  an  HP  1000.  A  program  is  now  being  wriiren  on  coniiuci 
which  will  give  us  the  enormous  capability  ol  raster  ss aiming  plates.  We  will 
no  ioiigcf  have  ro  know  apprt»\ini.*tc  .stellar  positions  m  advance.  It  '.sill  iu- 
possible  to  set  the  machine  up  to  raster  sc.tn  a  plate  at.'timratualK  and  to 
measuie  the  posui»»n\  td  vvers  thing  on  tlu*  plate  brighter  th.m  a  -  e:t.un  pre 
deternmu  i*  vip.uitv  limit. 

A%  the  lutnie,  we  ,Ui-  going  tojon*  the  tiansit  <.n\ie  Iu  uig  sen?  !»>  New 
‘/e.ilau-d  .ti  the  muidle  ot  li.eu  ep.*.>vh  down  there,  and  we  h  ‘pe  to  phot<. 
grapii  the  .Southern  Hemisphere,  bveiuuallv,  we  intend  to  publish  a  lata 
logue  »>l  the  Northern  ami  .Southeot  Hemophetes  toiuainmg  sotnethni^  like 
five  imllnm  si.tr  positnms,  inised  upon  Mummus meiUs  ot  tvvcntv  nulbctr  >{.;r 
inuges  sovermg  SOtlO  .istiogruphiv  tiehis. 

The  nest  prt.',;i-»tn  in  P.lhS  is  tlie  double  star  prog?  mi.  I  lu  ii'.sirunu 
uscti  Is  tile  2i»nuh  ictr-ulvu  d  iguri*  S;.  .uui  we  li.tse  two  1  el‘>'';> 

under  vs.i\  .  i  hie  o  tire  visu.il  piogtatu  tun  bv  I  iiarles  Wtuies  m  u?  d  in  l‘*f  |  . 
He  UV.S  «  st.miiaid  bi  iiho  inuroiiietei  hie  linnt.itios-s  ire  ?ha:  i.n-  doul.K- 
st.ir.  oli.erve.i  uNu.dK  h.ive  sep.ii le  liian  .i  in.i.  j  umi  t  iigitt^; 

tii.jn  12.  .md  -i  nu!'.Muniiie  dilteien*.  e  m.  gte.Ui  t  than  'v  I  lo  .t  ,  viii  i.,  \  -t  r  . 
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visual  observations  turns  out  to  be  something  like  0^05  in  separation  as  a 
typical  residual. 

The  piiotographic  work  on  double  stars  is  done  by  Jerry  jostics,  and  was 
begun  in  1958.  It  involves  an  automatic  camera  and  a  series  of  objective  grat¬ 
ings  which  can  be  mounted  on  the  26  inch  when  the  magnitude  difference 
between  components  is  great  enough  to  retjuirc  it.  The  magnitude  range 
covered  is  between  +12  and  -1,  the  magnitude  of  Sirius,  and  the  magnitude 
difference  that  can  be  handled  is  8.  The  accuracy  of  this  sort  of  work  is 
something  like  0!'01  per  plate.  H  many  plates  are  taken  over  a  year  and  aver¬ 
aged,  one  can  achieve  accuracies  of  about  o!'003-0r004  for  a  normal  point. 

Over  25,000  measures  have  been  made  since  the  visual  program  was  in¬ 
augurated.  Of  these,  60%  have  a  separation  icss  than  l*',whicli  lestiinonv 
both  to  the  quality  of  the  astronoini'al  seeing  available  here  at  tlie  Washing¬ 
ton  site  and  the  skill  of  the  observer.  The  status  of  the  photi)graphi(.  program 
is  that  results  from  9000  plates  have  been  published. 

In  addition  to  observational  w  irk,  Charles  Worley  is  also  responsible  ftir 
the  Index  and  Observation  Catalogues  which  comprise  a  master  depository 
of  ail  tioublc  star  data  available  in  the  world  today.  The  index  (Jataloguc  is 
simply  a  catalogue  of  ait  known  double  stars,  and  consists  at  the  moment  of 
75,OOii  cards,  'the  Observation  Catalogue  describes  the  individual  mexsures 
for  each  double  star,  and  at  the  present  time  consists  of  420,000  measures. 
This  represents  complete  data  iron*  .  ...v  present.  An  effort  i.  pre¬ 

sently  underway  H)  extend  t!ie  ct)ver.ige  of  ihc  Observation  Catabigue  lack 
to  the  first  observaitv>*  s  of  do  blc  stars.  Plans  are  to  place  both  catalogues 
on  compuier  taj>cs  and  disks. 

I'iu.dly,  the  asifotnotry  of  the  solar  system  program  was  begun  in  1945. 
and  use',  the  IS  inc!!  its.rogfaplit  here  in  Wadiington.  ( )rigiii.j||y  24  tnmor 
plasu  ts  ».vrfe  part  ui  this  prog<-am  io  improve  <.o*icctions  ti>  the  fuiHianiental 
reicren^  e  fiair»e.  In  .iJdition  aslt  coid.  sv’  ii  a  tes<  na;:cc  o^  2:1  were  observed 
lor  a  long  time  'o  oirtais^  .t  beiier  nuss  ft>f  Jupiter.  Progress  to  date  iticludcs 
.u  v:  .  u  ihr-urs  .cj.  ifd.ing  the  Jupiter  mass  icoblem  and  m.ijor  li'.ts  i..  miror 
j'laiici  jHAitions  p^Uushed.  m  !96H  aiu:  i9.'2.  lodaV  thedaja  ate  sejir  ti>  fJic 
lA’ i  mitior  planet  centei  waii  sdcstcJ  dai  ;  to  Leningr.id  aud  the  rn;ser%tt\ 
ot  Aarhus.  We  hive  nv^.v  on  the  list  Hune  udditlou.ii  Xiuh  civoe 

L.».'‘Ms-p4:iscr>,  aMert/nis  that  ire  likely  ’v-  fciuli  m  alfurioto,  aui  llie 
fainter  planets  Uranus  .uui  Nept  jne.  We  i.%c  tne  »ik:j  a!ni  the  S 

mch  asti  •giaph  wh.'u  neceoafy  U>  augment  ti»e  ie%uUs  oi  ilie  oi-Tvcr\.itna;.\  .»! 
the  15  Uvin  Po.’.-tUiUs  of  •hanu.s  ami  NeptiUic  ;uui  p<^Min  n%  «»J  the  s.i{eHue'i 
i»t  jupitet,  Saitirii,  Ih.iivo.  .uui  NeptUur  were  pubfi-.iie-l  \ii  |U.  M  |  lo-. 
the  j-rogr.im  in-  b  ii»v  d.i-anverv  i>f  Plunc>  new  utoiin  \v.?s  utar*:  b\  luu 
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Christy  and  analyzed  by  Bob  Harringto;:  In  1978. 

This  concludes  my  summary  of  EDS  programs.  I  hope  that  I  have  been 
able  to  give  you  some  idea  of  the  range  and  scope  of  the  work  underway  and 
the  part  EDS  plays  in  helping  to  fulfill  the  mission  of  the  Naval  Observatorv. 
Thank  you  for  your  attention. 

N.  G.  Roman:  What  are  the  advantages  of  the  visual  double  star  observations 
when  it  appears  you  can  do  everything  and  more  photographically? 

Poutly:  The  visual  observations  are  restricted  to  those  binaries  of  2"  separa¬ 
tion  and  smaller  because  you  cannot  observe  double  stars  that  close  together 
with  photographic  plates. 

Roman:  1  understood  you  to  say  that  the  photographic  method  would  sepa- 
rate  1  . 

Routly:  One  second  and  greater.  There  is  a  certain  overlap  between  visual 
double  stars  and  pliotographic  double  stars  just  to  ensure  there  isn't  some 
kind  of  a  systematic  error  creeping  in  between  the  two  technicjucs. 

Q:  Is  the  primary  problem  with  photographic  emulsion  crecji? 

Rcmtly:  No.  it  is  light  scattering  in  the  emulsion.  We  have  not  been  able  ro 
find,  luj  matter  how  carefully  we  have  h>uked.  any  evidence  of  enudsion 
creep.  If  it  exists,  I  think  it  is  at  the  sub-micron  level. 

Q:  Can  you  give  us  an  idea  of  when  the  final  reductions  for  yf;iir  zodiacal 
catalogue  will  be  completed? 

Routly:  You  mean  the  zixiiacal  baiul  that  we  first  started  out  with?  We  are 
hoping  tliat  this  might  be  ready  within  a  year  and  a  half  or  two  years.  The 
measurements  go  fairly  ijuickly  and  the  observations  are  about  com 
pic  re. 

t.);  (.)n  yi*ur  p.iiallax  prt)gr.im,  what  is  your  baiting  aveiagi-  Lu  liiulitig  ^tals 
liiat  y<ui  can  measure? 

Routly:  It  w.js  about  20-30 ;«>  to  si. nr  With,  which  w.i>  m)t  verc  euovi.biir  ue 
h.ive  g«>ilcn  .i  lot  better.  t)u[  of  ten  p(C^sible  st.irs.  we  now  get  .it  le.ist  eigln 
or  nine  ‘  tars  with  measur.ible  parallaxes. 
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R.  T.  Clarke  (Time  Service  Division):  Thinking  long  range,  you  are  going  ten 
times  farther  out  witlj  the  parallax  program.  It  would  seem  at  some  point 
there  would  be  a  need  for  anotlier  telescope.  Is  anyone  thinking  of  using  the 
61 -inch  design,  maybe  not  for  something  bigger  and  better,  but  for  some- 
tiling  slightly  smaller  that  could  nonetheless  be  useful? 

Routiy :  Tlie  main  thrust  of  all  astrometric  conferences  that  I  have  gone  to  or 
read  about  is  to  get  a  telescope  similar  to  the  61 -inch  in  the  Southern  Hemi¬ 
sphere.  This  is  an  area  in  desperate  need  of  attention,  just  as  Dr.  Hughes  was 
mentioning  in  the  transit  circle  work,  and  I  think  it  is  the  first  priority.  The 
second  priority  might  be  to  consider  a  larger  telescope  that  miglit  go  fainter 
than  we  liavc.  But  1  doubt  whether  such  a  telescope  is  a  serious  possibility 
within  the  tune  frame  of  the  next  five  years.  Certainly  it  would  be  a  wonder¬ 
ful  tiiiiig  to  have.  More  probably  I  think  we  will  go  to  CCDs  and  thereby 
incresiSe  the  range,  not  by  building  bigger  telescopes,  but  by  being  much 
more  clever  as  to  h.ow  wc  detect  ilic  light. 

Clarke:  1  was  tliinking  tliat  the  design  of  the  61 -inch  is  very  good,  and  even 
if  we  had  a  smailcr  tclc.scopc  of  similar  design,  it  would  still  be  useful. 

iv.  .itly:  'rhe  design  is  very  successlui,  and  people  who  talk  about  astrometric 
reflectors  always  refer  to  the  6^-int  h  Thn^  is  wh'^r  ^  •  '  ant  earlier  by  saying 
it  seems  to  be  he  standard  in  tin;  astrometric  industry.  Certainly  smaller 
tclc.sec'-pcs  like  the  61 -inch  would  be  useful. 

Roman:  U  you  weie  building  a  new  telescope,  how  would  you  couple  the 
61 -inch  witii  a  new  approach  sucii  as  George  Gatewood  is  doing? 

Routiy:  'I'iKU  is  a  very  gt>(.>d  cpicstiun,  and  there  is  no  imn:ediate  answer.  Wc 
will  h.ive  to  see  huw  successful  C'tcorge  i.s. 


Radio  iiitciforonictor  ar  (irccn  Rank,  West  Virginia,  used  by  tbe  Na 

determine  Earth  rotaiio!^  data. 


a.scrvator\  to 
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Gart  Westerhout 
Scientific  Director 

While  Dr.  Routly  was  talking,  it  occurred  to  me  that  one  of  the  things 
you  sec  hiJjvvning  here— tlie  parallax  program— is  a  beautikil  example  ot  the 
way  in  which  technological  development  eventually  gets  to  tlic  point  where 
every  tiling  meshes.  We  developed  an  astrometric  reflector  that  provided 
tremendous  accuracy  for  faint  star  parallaxes.  With  that  experience  and  the 
associated  expertise,  it  is  now  possible  to  begin  measuring  a  considerable 
number  ot  bright  stars.  The  whole  technology  has  been  developed,  and  accm 
racici.  better  t’lan  0?004  arc  reached  without  much  difficulty.  Over  the  r'ext 
10-15  years,  a  rather  major  program  will  be  undertaken  for  getting  parallaxes 
tor  the  important  bright  stars.  That  coincides  beautifully  with  the  need  for 
parallax  data  in  the  O'.'Ol  range  which  will  be  required  for  transit  circle  and 
other  fundamental  star  observations  in  the  next  10-15  years.  Tiie  develop¬ 
ment  ot  the  ability  to  measure  very  precise  relative  positions  <4  uhjects 
meshes  with  the  development  ot  the  ability  lo  measure  very  precise  absolutv- 
positions  ot  objects.  1  always  like  the  beauty  with  which  ihc^e  various  parts 
ot  the  work  .it  the  Observatory  come  together. 

1  would  like  to  end  this  symposium  by  taking  a  look  at  the  tuture 
(perliaps,  some  will  say.  througli  rose-colored  glasses)  by  means  ut  I’.dde  1. 
’i’he  program  outlined  in  this  table  shows  the  need  tor  research  as  we  sec  it 
.It  this  li.ne.  A  program  like  tiiis  would  cost  on  the  order  ot  live  v.>r  sis  mil 
lion  dollars  pel  year  and  v'ould  be  undertaken  by  a  multiliidc  <il  organi/a- 
tions:  the  Naval  Observatory,  other  Navy  and  DoD  laboraicMies,  universities 
and  iiulusuv.  .Some  ot  it  is  tundeil  curreiul)  at  a  low  level,  in  the  tollowiiig, 
I  will  address  e.ich  line  in  'I'able  1  in  succession. 

a.  We  must  coiuiiuie  the  work  that  we  .ire  doing  in  t'h'gsiatt  ami  het\‘  m 
Washington  on  pcautimis.  parall.ixes,  motions,  color.s,  liuiio  si. ns  .md  tl-tulde 
si.irs,  all  ot  winch  are  measurements  in  direct  support  ot,  the  tuiid.aiaeuM: 
work  iissociatetl  with  tlie  aJ!nana<<.  rime  and  tnndanieiual  star  posiii-ms, 

b.  A  pr-nject  tiuiL  Dr.  Hughes  didn't  meutiun,  but  on  wiinii  we  i>a\e 
stiirteil,  IS  development  ot  a  new  iuml.nnem;il  reteience  ti.mie  troin  •.ii.itili: 
that  is,  one  not  built  upon  nreviou.s  tnnd.inicmal  cal.d«igucs.  In  other  woiiis. 
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Tabl-;;  1.  U.  S.  Naval  Observatory  R&D  Pro^iwu 

a.  Positions,  Motions,  Colors  of  Special  Objects,  Direct  R&D  Mission  Support 

b.  New  fundamental  Reference  Frame 

c.  Celestial  Mechanics  (Orbit  Theory) 

d.  Green  Bank  Intcrtcrcnieter 

c.  Earth  Rotation  Studies 

f.  Atmosph-ric  Studies 

2-  Laser  Time  Transfer  (Project  LASSO) 

h.  Master  Clock  Upgrade.  Basic  Clock  Development 

i.  Optical  and  Infrared  Interfcroujetry 

k.  Large  Angle  Measurement  Techniques  (Ground  Based  and  Satellite) 

l.  VLBl  Time  Transfer 

m.  Las  -r  Time  Transfer  and  Ranging  (Expanded  Capability,  inch  Moon) 

ii.  Photographic  Astrometry 

o.  GPS  Time  Receiver  Development 

p.  Navigation  Systems 

tills  would  not  be  an  improved  FK5,  but  a  now  Naval  Observatory  liuula- 
mental  reierence  franic,  whieh.  because  ol  ti  e  nature  ol  the  way  in  wliicli  it 
would  be  hiindled,  would  be  independent  ol  the  FK5.  Our  New  Zealand 
effort  is  essential  in  this  undertaking, 

c.  In  the  area  ot  celestial  nieclianics.  Ur.  Scideiniann  showed  that  there 
remains  a  eonsulerable  amount  to  be  dime  ori  orbital  theory  <d  the  motions 
ot  the  planers.  This  work  can  take  many  years  anti  can  be  done  bc.th  here  at 
the  Observatory  jnui  in  the  acide.mic  conmmniiy. 

d.  The  (Ireen  bank  interle.’onu'ter  is  produtirig  cxiremely  liueresiing  re¬ 
sults  -.vith  siJt  h  accuracy  th.  l  .v  :  leel  that  these,  eombmed  with  ilie  ivsidts 
trr)ni  the  photographic  /cnith  tubes  and  liie  Navy  transit  .satelhlcs.  proviiie 
tince-day  averages  of  h.n*th  ro.taiion  dal.i  which  are  at  least  v)i  the  '-.ime  .te 
curacy  as  the  live  clay  mnnbeis  we  get  Iroju  the  l^ttreau  Iniern.Jtitnm!  de 
iTleure.  but  there  is  still  a  lot  to  be  leatuod,  partienlarly  aluun  aimDspheiii 
iniluences  on  the  precise  deccnnniation  ol  the  pusiiiuns  oi  i.idio  sv>iirees  and 
thus  oil  the  detei ini‘iati.;n  ui  E.ircli  rotation.  vSeveral  move  years  ot  stuilies 
are  1. ceded  to-  m.ike  tlic  (Ireen  bank  interlorvnnetei  a  compU  teK  oper.iiion.ii 
insti  llment  to  which,  nc*  lurther  improvemciUs  •..an  be  iii.ide. 

e.  With  ..il  t!ie  new  liata  emniiig  in  c.'ery  ihue  d.o.s.  giviiiv,  \ei\  m;;Ji 
more  precise  aiul  timely  !ntormaiiv>n  .iboni  tiie  \vi;bbie  .nul  tlie  isu-iPom  o} 
the  F.inh.  ue  iniglu  now  be  .tble  to  p<>  li.u  E  .md  simiy  'hv  i.iuses  .>t  liu- 
v.irialii'H.s  in  ine  b.trtii's  roi.itn.m.  Suine  gc'jpii)  su  isi-.  .ire  \ei\  nuoh 
imeresied  rn  faking  rlu^v.-  results  .usd  going  <>n  v.ui?  iurtlier  stud:,  ',  mi  di.o 
direi  lion. 
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t.  I  have  already  mentioned  atmospheric  studies.  Dr.  Hughes  mentioned 
the  start  we  are  making  on  atmospheric  studies  in  order  to  finally  come  to 
grips  with  the  last  one-halt  of  one  percent  of  the  refraction  corrections  in 
any  one  of  the  various  methods  with  which  one  can  measure  stellar  positions 
from  the  surface  of  the  Earth.  We  simply  must  get  that  problem  under 
control,  because  it  is  really  at  present  the  limiting  factor  in  getting  greater 
accuracies. 

g.  In  the  area  of  time  transfer  w'c  are,  as  Dr.  Winkler  mentioned  briefly, 
participating  in  an  experiment  in  which  time  will  be  transferred  from  here  to 
Europe  and  back  using  a  satellite  and  laser  ranging.  This  is  a  European 
project  in  which  the  Naval  Observatory  is  the  American  partner.  With  the 
collaboration  of  NASA-Goddard,  we  are  using  the  Goddard  48-inch  tele¬ 
scope;  Dr.  Alley  and  his  grvmp  at  the  University  of  Maryland  are  the  main 
participants  in  the  experiment. 

h.  Upgrading  the  Master  Clock,  as  Dr.  Winkler  mentioned,,  involves  the 
accjuisition  of  hydn^gen  masers  within  the  next  five  years,  basic  dock  devel¬ 
opment  will  further  increase  our  capabilities  in  the  long  range. 

i.  Regarding  the  fund.nnental  reference  frame,  greater  accurac)  m  stellar 
and  planetary  as  well  as  lunar  and  solar  positions  recjuires  the  develf)pment 
of  large -angle  measurement  techniques  more  accurate  ih.in  the  divided  circle. 
There  is  hope  for  very  considerable  progress  in  this  development  over  the 
next  5-8  years.  An  entirely  tlifferent  method  of  measuring  large  angles  is 
optical  and  infr;u’cd  interferometry,  wiiich  shows  great  promise. 

j.  In  all  these  areas,  as  well  as  in  the  area  of  differential  nieasuremeius  of 
positioms,  such  as  parallaxes,  the  Observatory  is  looking  very  hard  at  meth¬ 
ods  to  replace,  at  lea.st  partially,  the  photogra[>hic  plate.  'I'his  i.s  in  order  to 
get  better  restdts.  mu  because  we  hate  photographic  plates.  We  are  simpK 
trying  to  pick  out  those  areas  in  which  such  things  as  array  detecKus.  e.g., 
cliarge  coupled  devices  (CCD’s),  might  eventually  enable  us  to  get  results 
th.it  are  more  accurate  tlum  one  can  derive  with  the  ctunhination  ot  photo- 
gr.iphic  plate  and  measuring  machine.  Of  course,  a  L.ilalogue  of  five  miilicui 
St. us.  h<r  whicii  iwemv  million  images  are  measured,  is  entirely  impossibh-  to 
do  m  the  tore.seeable  tnlure  using  phoioelectrii’  mea.’is.  'I  herelore.  ti'e  luture 
i>f  huge  sc.ile  astrogr.iplnc  progr.ims.  sucli  .is  the  one  l)r.  Routly  dest  1 1  bed, 
iev|uires.  lor  a  long  time  come,  the  ac.dlability  <d  extremely  poweriid 
measmiug  m.icliine'^  jor  phoU)gr.ipihc  plants.  At  liic  same  time,  light  detei. 
Cor>  ,u\d  .luioinatic  po.Mfioii  me.isuriiig  devices  in  the  focal  plane,  in  vvliieh. 
Dr.  liuiihes  is  pumeeriiig  m  the  Tr.msit  Ciicie  Divisitni  .I'ui  wind)  we  ue 
mvviiveil  m  .it  i  kigst.ill.  .iie  beginning  to  make  some  sni.dl  uiio.ids.  ‘i  hiongii 
< oil  dioi.iKiiii  uitli  v.irioiis  unnersiiies.  I  ihlnk  this  cvill  coiue  lo  lin  nisr  m 
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the  next  five  years  or  so. 

k.  Dr.  Hughei,  showed  a  slide  of  the  possible  developine’if  of  an  astro- 
metric  satellite,  and  I  would  like  to  briefly  show  you  the  sort  of  time  scale 
that  one  has  in  mind  when  one  talks  about  a  capability  in  space  astrometry. 
Figure  1  assumes  that  we  would  start  this  in  fiscal  year  1982.  vVe  would 
estimate  a  period  of  about  three  years  to  look  at  the  subsystems,  such  as 
large-angle  measuring  devices,  new  gyro  systems,  focal  plane  mensuration 
devices  and  so  forth.  A  period  of  two  or  three  yeiirs  would  be  required  to 
develop  these,  test  them  out,  and  implement  them  on  ground-biused  equip¬ 
ment.  Virtually  everything  that  one  develops  for  an  astrometric  satellite 
is  going  to  improve  ground-based  obsei-vation,  particularly  if  one  has  gone 
a  step  further  in  measuring  atmospheric  refraction.  Eventually,  in  a  period 
of  five  or  six  years,  this  development  might  lead  to  the  first  proposal  for  a 
satellite,  with  a  two-year  desigi^  study  and  a  final  satellite  proposal.  This 
takes  us  to  the  year  1995,  on  a  more  or  Ics;;  optimistic  scale.  Just  to  indicate 
what  such  a  development  would  look  like  for  the  first  five  years,  I  could  con¬ 
ceive  of  us  working  on  large-angle  measurement  techniques  with  such  an  or- 
ganizatioFi  as  Draper  Laboratory,  while  at  the  sime  tine  tackling  the  entirely 
different  concept  of  optical  and  infrared  interferometry.  It  is  by  no  means 
certain  -that  is  why  one  talks  about  a  five  yeai  development  stage  before  one 
even  makes  a  proposal  for  a  satellitc  -that  an  astrometric  satellite  will  look 
like  a  transit  circle.  At  the  same  lime,  whatever  one  dues  in  developing  such 
instrumentation,  one  must  always  remcjnbcr  that  many  of  the  requirements 
come  frt>m  systems  located  on  the  surface  of  the  Earth,  and  therefore  atmos- 
pherie  stmlies,  even  if  one  eventually  has  a  satellite,  are  still  imponant.  1 
have  already  incntit)ned  focal  plane  mensuration  devices  in  this  regard.  All 
this  goes  to  show  that  a  15-year  development  of  a  major  new  appri>  ch  to 
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astrometry  will  at  the  same  time,  as  a  by-product,  very  thoroughly  improve 
the  many  areas  in  astrometry  in  which  we  are  now  vorking.  Even  if  a  satel¬ 
lite  never  comes  to  the  actual  funding  stage,  such  intermediate  research  and 
development  will  have  very  considerable  influence  on  our  further  work. 

l.  I  have  mentioned  earlier  the  use  of  lasers  for  time  transfer:  VLBI  is 
another  very  powerful'  means  of  time  transfer,  i.e.,  synchronization  of 
clocks.  The  Naval  Research  Laboratory  and  the  Naval  Observatorv  arc  heav¬ 
ily  involved  in  the  first  tests  of  this  method. 

m.  At  the  same  time  one  could  conceive  of  an  expanded  capability  in 
laser  time  transfer  and  ranging,  following  r,iic  example  of  such  institutions  as 
the  Royal  Greenwich  Observatory  and  several  others  in  the  world  of  astrom¬ 
etry,  to  establish  an  actual  laser  ranging  system.  Such  a  system  would  not 
only  be  used  for  time  transfer,  but  also  for  ranging  to  satellites  and  even  to 
the  M(^on  to  allow  ever  more  accurate  studies  of  perturbations  in  the  lunar 
orbit,  as  well  as  better  determinations  of  the  Earth's  rotation. 

n.  In  the  area  of  photographic  astrometry,  I  have  ;\lready  mentioned 
that  we  will  have  the  photographic  plate  for  a  very  long  tin^e.  d'hcrefore,  it  is 
quite  clear  tliat  further  development  and  study  of  better  measuring  machines 
IS  still  of  foremost  interest  at  the  Observatory. 

o.  In  the  area  of  time  transfer  the  GPS  is  one  of  the  satellite  .‘•ystenjs  that 
can  provide,  at  a  somewhat  lesser  accuracy  than  the  laser  or  VLB!  method.s, 
time  transfer  capability  for  the  user.  The  Naval  Ol>  .ervatory,  because  of  its 
DuD  mission  as  the  coordinator  of  precise  time  aiul  time  interval,  is  tlie 
organization  which  should  monitt>r  and  pusli  for  the  development  of  time 
transfer  receivers  for  the  ujiinitiated  user:  You  turn  it  on  and  have  the  tinie 
to  20  nanosecond  accuracy,  just  like  that.  That  is  tl)e  ki)ul  of  thing  that  we 
would  eventually  like  to  give  to  every  soldier  in  tiie  field,  just  tor  settifig  his 
watch. 

p.  Finally,  as  part  of  a  task  we  have  recently  undertaken  improving  nav 
igational  training  in  the  Fleet  -it  is  quite  possible  that  we  will  Iv,'  hxjkirig  into 
development  projects  tt)r  iiavigaiion  systems.  Sucii  svstems  will  perhaps  inte 
grate  automated  sextants  with  the  vaiitvis  radio  navigation  aids  into  tni,- 
svstem,  whereby  tiu*  user  can  utilise  whatever  he  has,  with  m.np,  f.dl  bai  1. 
po.'.itiims.  This  is  an  ,irea  wiiich  is  typically  rel.ited  l(»  our  mission,  hut  wlrj) 
dis;ippeaied  from  the  Na\al  ()bseivalory  a  long  lime  ago. 

With  this  grandiose  scheme  fuj  .ill  liic  things  we  can  do  in  Ironi  i>f  uv,  ;t 
seems  to  me  ih.it  the  Naval  ObseivaUiry ,  il  given  the  wherevviiii.il.  i^  .m  oi 
gani'/.'.tioii  lii.it  has  an  .ihsohutlv  ni.n velou>  inrure.  \Vc  whl  v-ea  .i..i:t.  mi 
1  .mU  ve.irs. 


HOW  THE  U.  S.  NAVAL  OBSERVATORY  BEGAN,  1830-65 ♦ 


Steven  J.  Dick 
U.  S.  Naval  Observ'atory 

Exactly  a  century  and  a  lialt  ago,  in  Wasliington,  D.  C.,  the  Navy  set  up 
tl)c  Depot  ot  Cliarts  and  Instruments,  forerunner  of  tlic  U.  S.  Naval  Obser¬ 
vatory.  It  wa^  approved  by  John  Branch,  Secretary  of  the  Navy,  on  Decem¬ 
ber  4,  1830;  two  days  later  orders  from  the  Board  of  Navy  Commissioncis 
impiemented  its  lormation. 

These  events  initiated  an  important  chapter  in  American  astronomical 
history,  leading  to  the  establishment  of  the  earliest  large  observatory  in  tije 
United  States,  comparable  to  the  famous  Greenwich  and  Paris  observatories 
founded  150  years  earlier,  just  how  a  small  depot  for  naval  instruments  was 
transfornied  into  a  major  observatory  is  a  story  that  has  remained  obscure 
even  to  historians  of  astronomy.  Here  are  the  details,  reconstructed  from 
naval,  scientific,  an.d  biographical  documents  in  the  National  Archives, 
Library  of  Chujgress,  and  Naval  C)b.scrvatory  library. 

l\irl\  A(tcnif>ts  fo  /‘t»on  a  Sjtioihtl  Ohscnvitiny 

Unlike  astronomy  in  Britain  and  France,  in  1830  the  science  in  America 
was  still  in  its  infancy.  A  icw  individuals  David  Rittenlutuse,  John  Win- 
ihroj),  Benjamin  Bamicker  and  Nathaniel  Bowditth  had  made  .ippreciable 
coiuribuiions.  But  the  benefie^  of  sy.stemaiicaiiy  obscr\'ing  the  heawns  were 
by  no  ineams  obvious  lt>  the  p«.)pulacc  nc»r  to  their  representatives  in 
gross.  At  least  iwii  earlier  calls  lor  a  national  i>b.sers'ateny  h.id  f.nleil,  ..lui  .i 
ihirtl  atU'inpr  under  eonsidcralion  was  simil.iriy  di)omed. 

'Ihe  tns'  Mciiimetl  Ircnn  legislation  sponsored  by  Thoin.is  jcltvi-on  in 
18(J7  to  5,uive\  the  Ainetivaii  t‘>.islline.  Swi.ss  burn  m.uhcm.iiiciaij  and  sui 
vevof  Fenlinainl  Rudolph  H.iisler.  wiK>m  jelleiNon  ii.ui  .ippoiniid  o>  Ikmo 
tiic  new  (Ji>ast  ,Surve\  ,  recommended  c.cl.iblishmcnt  oi  iwo  asttiaionu^  .i! 
oi>^i.•l\.lll»IIcs.  But  iegisiaiion  repcaleil  ilu  C.'oasi  Surves’s  au:hori/.i'. :ot!  U' 
liSlH,  bchue  Hassier  coidil  set  up  tlic  twii  iive  loot  long  astronomic :il 
tclescope.s  he  had  ohi.iinetl  liom  Edward  I  ii.ugiitvm  iti  lingl.uui.  !  ii.  se,  otio 

*  U ml f.l  i;y  gcnni'.jkini*  -li  Sky  I'ublijIuUj;  < ’<»{  Uus.i  .si:\  /  t  /cst'c*;*,-,  v 

(A),  no.  (i.  \vii!i  onrci.tiou.'i  ji  ii  noir\ 
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attempt  at  a  national  observatory  began  on  December  15,  1809,  when  ama 
tour  astronomer  and  mathematician  William  Lambert  sent  a  report  to  Con¬ 
gress  calling  for  the  establishment  of  a  prime  meridian  in  the  United  States. 
Finally  receiving  approval  by  a  joint  resolution  of  Congress  on  March  3, 
1821,  Lambert  set  up  a  temporary  observatory  in  the  south  wing  of  the 
Capitol  building  itself  and  used  some  of  Masslcr’s  instruments.  I'hey  were 
taken  down  later  that  year,  when  his  work  was  completed. 

No  less  a  figure  than  John  Quincy  Adams  made  the  third  call  for  a 
national  observatory.  His  first  annua!  message  as  President,  dared  December 
6,  1825,  asked  for  an  institution  and  “support  of  an  astronomer  to  be  in 
constant  attendance  of  observation  upon  the  phenomena  of  da  heavens.’' 

Unfortunately  for  President  Adams  and  American  astronomy,  congress¬ 
ional  opposition,  fanned  by  partisan  politics,  was  .so  great  that  when  the 
Coast  Survey  was  re-established  in  1832,  Congress  specifically  admonished 
that  nothing  in  the  act  autliorizcd  construction  ol  a  permanent  astronomical 
observatory.  Adams’  repeated  apj'ieals.  almost  until  his  death  in  1848.  wc«v 
to  no  avail. 

7’//t*  of  Clhirts  <nu/  litMinnuoii.’i 

Despite  opposition  from  Clongreiis,  .i  modest  chain  id  e.enh  in  the  Navy 
Department  would  lead  to  success  where  all  else  l-.ad  failed.  Not  surprisingly. 
Navy  iniercst  sprang  from  the  practica'  necils  of  navigatioj*.  As  eaiK  !s 
November  the  Board  oi  N.uy  Ciomn  issioners  (dnee  selt  cl  oltiiers 

who  .i.sisicd  the  Navy  secretary;  pointed  out  tl«e  need  tor  ,.re;«:;r  care  in  die 
purchase  and  regulaturii  oi  siiips'  chronometers. 

‘I'hese  were  the  important  timepieces  by  wiiich  .sh'|i..  at  se.i  m.uutc.ined 
aeeur.ite  por^  time.  Bv  comparing  that  to  local  time,  .us  d.rbeil  ire.-j  sexfanr 
observations  ot  the  .Sun,  Mo^'u  or  stars,  naviga'.ots  cmild  ddennine  loJigi- 
tuile.  jnim  H.irrist)!!  in  England  inventeil  the  pi.iciK.d  ciirunuine.e.- in  I75S\ 
but  the  dem.iiu!  tiir  diese  deiiv.ite  clocks  longesccedcd  ti  e  supple  .  e.ud  die, 
c.ime  into  wulesjue.id  Use  in  the  Aineiie.m  .N.'w  i»n!i  in  the  lS2n’s. 

Pr.ib.ibU  .ileiced  to  liie  N.tV\  C-omuiissiuneis’  repon  t>\  iio  t. niter,  the 
ittduenri.d  S».cret.uv  it!  the  i’.o.ird.  in  NtoemlHi  1  Lt.  i.ouis  M.  (h-lds 
I'i.toug'i  subiuilietl  !o  jiu*  .Sec»et.iry  ot  tiie  N.ii\  an  el’u|uem  ttui  pels  ntsoe 
p.iper  .ibiiiii  .i  dironoi.ieu'i  liepiil.  At  .ige  the  lieutesi.int  .v.j .  .ilrei-'*  < 
n.ivs  veteran  oi  15  Years  st  .i  I’utv .  Me  emphasi/etl  ih.ir  lia*  j.,eK  ot  s\sti  tn.n.^ 
purch.oine,  -md  care  Is.id  ivsidtcvi  in  e\orbit.nii  prices  ti>r  int>  ,.oj  Ju  <u  ; 
inetets.  i  igut  out  ed  lOti.tv.tl  ships  vet  to  se.i  \v‘dioiit  .in  .u^-Ui.-te  J'  jvi  ttt:::  . 
lion  lit'W  inu^h  dieii  diioiiouieters  r.ui  t.ot  oi  slov,.  .An  -uioi  .  ?  ..'d'.  lotr 
muiutes  lit  tinte  dunng  ,i  long  voyage  louhl  je..d  to  .i  l.it.tl  .inst,!..e  o'  le.!! 
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Lt,  Louiif  M.  GolJsberou^h,  fouiuicr  and  Churlci  Wilkes,  officer  i'i  oi 

oificer-in-clurgc  of  the  Depot  of  Charts  the  LVpot  of  Clr^rr:  ioul  {nsir  j.iK  in  , 
rtnd  |n$t!iJF*:ents.  1830-1833.  1833-1838. 

decree  t)f  longitude*. 

( Joli{:»horougli,  tlierclori*,  .suggc.sicd  tli.ii  .ill  naval  iuNtrniiicm.s  and  tli-iris 
be  kept  in  a  depot,  wiiere  a  coinpetciu  officci  could  ‘  r.ite”  ilu*  Jirono 
meters.  This  i.ttc  tiie  amount  of  deviation  frtmi  true  time,  due  to  temp.  ra 
lure  changes,  mechanical  iinperfei cion.s.  and  so  on  then  be  i..ket: 

intii  account  when  deierminint;  longitude.  For  accurate  r.oing.  the  v.k  pen  had 
to  make  regular  a.sironomical  observaiion.s,  vim  e  m.  clock  or  i*{)»er  pcri*»dic 
plienomenon  knc>wn.  was  more  accurate  than  the  time  gi  en  by  a  cele-.:i.;l 
btuly’s  pa.s.s.jg*  across  the  meridian,  ilciermiijcd  b\  a  traasit  instrument. 

t)it  necember  6.  IH.fU.  tlie  l>o.mi  ortlered  I.r.  (.iv»ldsb«*rungii .  dven  sn 
Vv'.isliington,  to  "proccea  forthwith  to  Rhd  ulelplu.i.  New  York.  . -.o} 

Poilsinouth,  N.  II..  a;ui  Nurtidk  V.i  .  \vh‘ie  v  ou  will  receive  iioin  the 
fespi  etivt  ./cunmand.m.ts,  .dl  the  clin>i>ometej s,  sexi  inis.  tin  otlolues  ituiev. 
.uui  u. iutic.il  iiisirniiieJits  of  value,  and  luit  tn  i;se  .d!  of  wliuh  .re  to  bt 
tr.un  poticd  (o  litis  pLn.e.”‘  This  provideil  the  core  G>r  i^ie  ikw  depot. 

C i oklsb{>} ough  tciitivi  .»  iioiJ-.e  on  .Street,  I’c'ra. e<'n  1  ::i  .uid  IS?.-; 
Streets,  it?  the  tiorilr.ve.s''  cpciili.iin  of  tii?*  vi:\  .  nea:  ‘h.  White  Hoi.y  .sail  th* 
tN.ivc  I  )epa J  ime.i' .  lit  beg.sn  the  nev.es.s.ii\  teh  stn?!  ol-ser* ;  u>n  .  fva  ;  ;ono; 
chi\in«o:ietei.s,  first  wuh  .i  M.xtani  and  tiivL*.  bw’t  beiwet  'IS>1  .o.ti  !S  3' 
w-tli  .4  a.msii  instrui.ien'.  1‘  was  Inuit  m  New  Yt-rk  os  UKh.iro.  P.it’vn  .«oo 
loid  I  3<'  iiicii  h.r.g  i*d>e.  1  lu  inJ.ird  belK‘\ed  the.  to  I  v  ''tl,.-  ?;•  tO. 

lh..U-d  Stales  f  <1  :,.de.’‘' 
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This  transit  was  place<i  in  a  sntail  circular  building  and  mounted  upon  a 
brick  pier  whose  base  extended  20  feet  below  ground  level.  Thus,  practically 
from  its  lounding,  the  Depot  ol  Charts  and  Instruments  consisted  of  the 
actual  depot  plus  a  small  observatory  where  observations  were  made. 

Goidsboroiigh  nor  only  rated  the  chronometers,  lie  also  had  to  deliver 
them  (with  other  charts  and  instruments)  to  ships,  and  bring  back  others  to 
the  depot  for  rating  and  repair.  He  complained  that  tliis  burden  forced  him 
to  suspend  “the  duty  of  maki.ig  observations,  which  should  be  constantly 
attended  to  every  fair  day  and  every  dear  night.”^  The  Navy,  therefore, 
supplied  him  with  a  passed  midshipman  (one  who  iiad  passed  a  specified  set 
of  examinations)  to  assist  with  the  duties.  Thus,  from  July  1831,  there 
began  a  long  tradition  oi  passed  midshipmen  assistants  at  the  Dc’K>t. 

Gt>ldsborough‘s  duties,  and  the  Depo^  itself.  remaim*d  much  the  .\amc 
until  lie  departed  on  February  1 1,  1833.  for  th.e  war  with  the  Seminole  tiidi 
ans  in  Ciojida.  When  he  left  the  Depot  the  inventory  showed  healthy  gri.svth, 
with  a  wide  variety  of  meteorological  .iiid  magnetic,  as  well  as  astroi  omic .»!, 
instruments. 

'i'hv  Hilt 

Impcfvtous  and  flamboyant  l.t.  Ciiarlcs  Wilkes,  then  surveving  Narr-mgan- 
seu  Bay.  was  pin  tn  charge  of  the  DeptU  cai  Marcit  12,  1833.  He  lictamr  a 
midihipman  in  1818,  >crvcd  in  the  Mcdilcrranc.m  ami  ot>uch  Pacific,  and  was 
pfumoieii  tt)  [‘tutenant  in  1826.  Wilkes  bc.st  renicmbcred  .i>  'onuiJander 
t)f  tile,  exploring  expedition  '^o  the  Facifb:  f  1838-42}  and  foi  wriri.jg  his  de 
tailed  accounts  about  K. 

Wiikc.s  f*oun*.l  the  C»  .Street  .site  lou  ”\api.^ruus“  tt)r  a.siroijtiuutal  .»b\et- 
v.iooiiN.  It  \vaN  pi'obabK  tov>  dose  c.i  t.hc  (.3 >id.sborough.s.  f.ither  ami 
well,  and  Wilkes  preferred  t-.>  h.o-e  the  depiH  near  iiis  tjwn  reviileme  i(»  ;  u.d'h* 
him  **to  make  at  all  hours  oi  the  tl.o  .mai  nigiu  the  nccesvi.ii  \  rv.ntons 
t*)  die  bcM  poi.s.ible  adv.intage/’^ 

ri»us.  in  .Vi.jy.  1833.  lie  moved  u  o*  .t  v.ite  1 ieet  miriiiv.csi  on 
veriiei  the  C.»p*od.  whers*  lie  had  bought  .several  lu>ii-.e\  Innh.  In  <3  o:pe 
Vva.shuigi-.Ji..  'ViiC  upp"!  iiovir  ef  uiu*  served  .»■»  t.he  f»e’v  |>ep»»5.  I  h--  .\,e.  v 
pefiUeo.::ai  '.m  the  n^  ve  ur;|\  reluv  t.iSidy  .utij  -isLevi  \\:ike>  ! 

(i!i*  enlii;  o.peu-e  4,K’;isK>u  lUv  N.e.'V  iaiuc  t;>  regret. 

rise  wifster.  Htdke.v  budl.  .ii,;a;n  at  lu^  i>wj?  e>.  ih  om-.  a  »n-v. 

ubset v.iii-iv  for  {ite  iiaasif  mstrtioieni,  it  bccau'.e  kmovsi  mninuallv  ae 
(.l.ipit  4  Hdl  t  >bn  tv  Ui«ry. 

its  es-t-i;tla|  ieaiti'.cs  were  d.Serrbetl  Oy  l.nijcs  .N'eiv  ille  tiilhss. 


sUeve.Sij* 
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I'hc  length  of  die  observatory,  cast  and  west,  was  fourteen,  itj- 
breadth  thirteen,  and  height  from  tlie  floor  to  the  eaves,  inside  tlie 
plastering,  ten  feet-  its  roof  sloping  to  the  north  and  stiuth  at  the 
usual  inclination  in  buildings  covered  with  wood.  Meridian  ih)ors. 
each  nearly  two  feet  wide,  and  making,  together,  an  aperture  more 
than  three  and  a  half  feet,  reached  from  the  floor  to  the  eaves;  tiiey 
opened  outwardly,  and  were  lined  inside  with  baize.  The  root  doors 
were  of  the  same  width,  but  extended  only  to  within  three  feet  of 
th>‘  ridge  pole.  These  were  raised  by  pulleys  Icrding  over  upri|,ht.s  on 
the  roof,  through  sheaves  in  the  east  and  west  sides  of  the  building. 
There  was  u  door  of  ordinary  dimensions  in  each  of  these  sides;  and 
to  prevent  the  transmission  oi  terrestrial  vibrations,  the  building  was 
surrounded  by  a  ditch  five  feet  wide  and  deep.^ 

Because  the  tw'o  sides  of  the  roof  were  licid  together  at  the  zenith.  12  of  »^l)e 
88  standard  scai.%  ^.^auained  in  tin.  British  Nautical  Almanac  co'dd  not  he 
observed,  even  after  the  budding  was  modified  in  1838. 

Wilkes  broke  wdih  the  past  also  by  retiring  the  Batten  transit  and  using 
instead  one  of  the  bra.ss  Trough  ton  tr,an.sit.s  Ha.sslcr  had  bought  for  liiei.tMs: 
Survey  in  1815.  It  was  63  inches  long  with  a  clear  aperture  of  3.75  iiu  lie^ 
i:nl  w„s  siippt)ried  on  massive  granite  piers  Hi  feet  long.  An  observ ition  cem 
sisled  m  noting,  with  refcrciKC  to  an  a.stronomita!  viuck,  the  exact  lime  an 
nbiect  crossed  c  uh  of  five  vertical  wires  set  in  the  eyepiece's  tt»cu.s. 

WiikcN  aisu  set  up  magnetic  ob.servatory  5t'  feet  sou'.h  oj  tlie  transit 
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building  and  40  feet  northwest  of  the  house  occupied  by  the  depot.  Thus, 
the  Depot  of  Charts  and  Instruments  involved  three  separate  buildings. 

Prior  to  1838,  Gilliss  later  noted,  “the  transit  instrument  appears  to  have 
been  mainly  employed  in  observing  the  Sun,  to  determine  ihe  errors  of  the 
clock  with  which  the  navy  chronometers  were  daily  compared,  and  to  tliis 
end,  the  time  was  noted  by  one  of  the  many  chronometers  under  rate.  Ob¬ 
servations  by  night  were  rare;  and  eclipses,  occultations  or  other  astronomi¬ 
cal  phenomena,  except  that  of  the  Sun  in  1836,  seem  to  have  received  little 
attention.’’^  Wilkes’  only  surviving  observing  book  notes  78  transits  of  the 
Sun  but  only  seven  of  stars  between  January  and  November  1836,  when  Gil¬ 
liss  arrived  as  a  passed  midshipman. 

With  Wilkes’  departure  in  August  1838  for  his  exploring  expedition, 
Gilliss’  talents  blossomed.  To  determine  longitude  differences  between  Wash¬ 
ington  and  pomts  Wilkes  would  visit,  the  Secretary  of  the  Navy  ordered 
Gilliss  to  observe  stars  day  and  night.  Eclipses  of  the  Sun,  Moon  and  Jupi¬ 
ter’s  satellites,  and  other  interesting  astronomical  phenomena  were  also  to* be 
observed  as  they  occurred.  Wiiliani  C.  Bond  in  Dorchester,  Massachusetts, 
made  corresponding  observations. 

Gilliss  had  entered  the  Navy  in  1826  at  the  age  of  15  and  studied  briefly 
at  the  University  of  Virginia.  He  was  largely  self-taught  in  astronomy,  basing 
his  studies  tm  two  b(^oks  of  the  era. 

He  wangled  some  new  instruments  to  satisf)  v!  e  demand  fur  more 
observations,  such  as  a  portable  3/4-inch  refractor  of  42-inch  focal  ler.gth,a 
variation  transit,  a  dip  circle,  ami  a  sidereal  chronometer.  From  November 
21,  to  the  expedition’s  return  ii  June,  1842,  Ciilliss  hiinscit  observed 

nnnv  than  10,000  transits  of  the  Moon,  planets  and  scars,  and  each  year 
averaged  110  culminations  of  the  Moon  and  20  lunar  occultations.  In  18-i6 
Gilliss  jHibli.hed  the  tight  *isn:nsions  of  1,248  stars  in  AsiromynuCiti  Gh.w  /- 
.\LhU-  ill  tlu‘  Ohsi  twitory.  It  was  the  first  star  catalogue  b.ised 

t)n  American  t)bservatltms.  even  though  its  declinations  were  boirowed  Oann 
the  (.o/a/oync  o/  tin  lU^wil .  ;t  t v. 


.1  lit  ( .‘hsfM’iOoiy 

'I'he  events  of  1842  tonneil  a  second  w.uershed  in  i!ie  gru.vih  nt  the  ob 
servattny.  Since  the  previoiis  .Sejvcmbcr,  (iiilis\  iiad  .igiiated  t<>v  .«  m  w  l>'.'ihi 
invi  lor  liie  ir.msit.  I  lu-  Bsiaivi  aiul  the  .Secret. i.v  oi  the  N.'.v\  i\a.inniiieiul:. >1 
to  the  Pre.sitlent  lh.it  a  new  one  be  crecicvl,  and  in  M.tjth  .  bill  u.i".  inox 
diiii  vi  III  Ch>ngre.^.^.  (lie  Wilkes  tjb-.e; v.itois  w.is  deUi ior.ii me,,  .o  is  '.citiiii! 
Ironi  Gilliss’  poliul)  wmiled  leiiei  ul  I  bru.iiv  15.  1842:  "I  h.ivr  I'lv  Ixm*  a 
to  lepori,  thal  liie  doois  of  ihc  ol)sirv,iioi  \  ail.ichcd  U>  the  weie 
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blown  down  yesterday  again,  being  the  third  time  this  winter.  The  extremely 
valuable  instruments  it  contains  were  thus  entirely  exposed  to  the  weath¬ 
er.”^ 

Neither  the  Navy  nor  Coiigrc.ss  decided  to  abandon  tlic  ohl  observatory, 
however.  Wilkes,  who  returned  in  June,  charged  that  proper  care  had  not 
been  taken  of  his  property  and  ordered  the  Navy  to  vacate  by  the  end  of  the 
month.  This  was  quite  a  bold  demand  iroin  an  officer  still  early  in  his  career, 
but  typical  ol  tlie  man  v'ho  later  almost  precipitated  a  war  with  England  by 
forcibly  rennwing  Confedoiare  commissioners  from  a  British  ship  (the  Trent 
aftair;.  i.ett  with  no  choice,  the  Navy  moved  the  Depot  to  temporary  quar¬ 
ters  on  Pennsylvania  Avenue. 

Gilliss  resigned  from  the  Depot  on  July  7,  1842,  and  with  the  fledgling 
instituticn  relegated  to  temporary  quarters  its  future  might  have  been  in 
doubt  iiad  it  not  already  proven  Ts  worth.  The  Navy  acted  quickly,  and 
appoiiitcd  Lt.  Matthew  F.  Maury  on  July  12  to  take  cliarge.  Ironically,  it 
was  Maury  who  had  scathingly  attacked  the  inefficiency  of  the  Board  of 
Navy  Comniissioiiers;  a  few  months  later  it  w^as  replaced  by  five  burea.us. 
d'hc  Depot  came  under  the  Bureau  of  Ordnance  and  Hydiaograpliy,  where  it 
received  more  adequate,  attention  to  its  growing  needs. 

Chmgress  was  starting  tvJ  pay  attention,  too.  Gilliss  had  sighted  Em.  ke's 
comet  with  the  dli-foot-lomg  refractor,  and  the  publicity  helped  Gongre.>s  to 
pass  -in  the  final  hour  of  its  1841-42  session  a  bill  providing  S 25. ODO  to 


l.i  J, lines  f.ti  Iviilc  tiilliss.  sut  tcssoi  to  l.i, 
Wilkes  .it  ilu-  Depot,  1H3H  1M42.  ‘^niHrin 
jlmuIi  lit  oi  tlu*  Nav.il  ( >l>MTv.itoi )  . 

IHOl  1805. 


i,l.  ,\l.nt}ie\s  1  !  ■  i 
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erccc  a  new  Depot.  That  same  session  had  turned  Adams  down  again,  this 
time  to  artpiy  part  of  James  Smithson’s  bequest  to  a  national  observatory, 
but  it  did  approve  funds  for  an  observatory  under  the  name  of  the  Depot 
of  Charts  and  Instruments. 

Giiliss  never  doubted  that  the  new  Depot  had  to  be  much  more  tiian  a 
storeroom.  He  recalled  in  1845,  “I  should  have  regarded  it  as  time  misspent 
to  labor  so  eariiestly  only  to  establish  a  depot.  My  aim  was  higher.  It  was  to 
place  an  institution  under  the  management  of  naval  officers,  where,  in  the 
practical  pursuit  of  the  highest  known  branch  of  science,  they  would  com¬ 
pel  an  acknowledgement  of  abilities  hitherto  withheld  horn  the  service.”® 
Giiliss  had  been  ordered,  immediately  upon  his  resignation,  to  reduce  his 
transit  observations.  Now,  however,  he  was  sent  to  the  major  cities  of  the 
nortii  to  consult  with  prominent  scientists:  Alexander  Bachc,  W.  H.  Bartlett, 
William  C.  Bond,  Ferdinand  R.  Hasslcr,  R.  T.  Paine,  R.  M.  Patterson  and 
Sc;irs  C.  Walker.  Each  suggested  features  for  the  new  obscrvaioiy.  With  plans 
in  hand.  Gillies  sailed  for  Europe  tc  consult  further  v/ith  astronomers  ilicre 
and  to  purchase  instruments  and  books. 

Returning  in  March  1813,  Giiliss  uersonaJly  supervised  construction  on 
an  elevated  site  chosen  by  President  Tyler.  ‘'University  Square”  had  been 
proposed  by  George  Washington  ior  the  site  oi  a  national  university:  it  was 
west  of  tiic  White  House  and  close  co  the  Potomac  River.  It  took  1!:  years 
lo  build  the  50-ioot-s<iuaie  brick  central  edifice  .and  the  wings  to  tito  e.»st, 
west  and  south.  The  ccnirai  part  included  offices,  the  depot,  and  a  library.  A 
revolving  dome  23  Icet  i’.'  diameter  stood  atop  this  sfucturc.  Each  vviv.g 
^ontainct’  meridi.m  .nstruinciu.s. 

Ciiiliss  reported  completion  ot  the  observatory  in  tiie  fall  vd  1844.  To 
Ins  utter  tlimay,  »l  w:i.s  not  he  but  Maury  who  was  nair.cd  Siq  erinrerk]  nt  t)n 
October  1.  in  ids  private  toiicspondence  Giiliss  made  no  secret  id  ins  fee!- 
iiigs: 

Aluiough  ciiere  i.  no  duty  so  agreealde  to  me  a>  .cstioinnoica! 
lalxnn-.,  >ct,  i  iiave  ti>o  inucii  pride  to  solicit  ,i  conncctk.p.  witlr  ;m 
i.^l.tbli.-.hment  whose  existence  is  owing  sole!)  to  inysell.  You  kiUiV,-. 
the  l.jv'  recognii'o  it  nuly  :is  a  Depot  lor  the  Chart.'*,  etc.,  ot  tl)e 
K.iv’, ,  .I'ul  Li.  .Maury  has  niuvcu  into  it,  witii  his  insti  iiiiieuis. 
etc.  What  the  intention  i.'*,  1  know  i:  »i,  ioi  I  h.i\e  .sUo  coo  ruK li  p-ritie 
to  cikjniie  .  .  .  It  H  i^  to  be  an  observ.itory  .Mani\  is  not  the  m.in  to 
be  at  it.>  i«ead,  unle.'..s  he  has  an  entire!)  ditterciit  t.tste  lumi  that 
iiuiuced  by  111*  previous  life  and  labours.** 
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Maury  was  not  an  entirely  unlikely  choice  to  iiead  the  Depot,  iiowcver. 
Though  he  had  little  formal  training  in  astronomy,  he  had  circumnavigated 
the  globe,  learning  practical  navigation  well  enough  to  write  in  1836  A  New 
Theorcticid  a.id  Practical  'i'reatise  on  Navii^ation.  Wlien  an  accident  in  1839 
left  him  Kune  and  confined  to  siiore  duty,  he  cnenr  tmirh  of  his  time  writing 
articles  on  the  reorganization  of  the  Navy.  He  took  charge  of  the  Depot  at 
its  temporary  quarters  in  1842  and  lived  there  with  his  family. 

Maury  set  to  work  with  a  diligence  that  might  have  surprised  even  Gilliss. 
He  now  had  tlic  greatest  collection  of  astronomical  instruments  yet  assem¬ 
bled  in  An'crica.  Gilliss  described  them  in  this  way  in  1845: 

9.6-inch  achromatic  refractor,  focal  length  15  feet,  3  indies,  by 
Meiz  and  Mahler.  It  cost  $6,000,  of  wiiich  33,000  was  for  the  objec¬ 
tive  lens. 

5,5>inch  transit  instrument,  focal  length  88  inches.  The  Merz  and 
Maliicr  objective  cost  $320;  the  instrument  was  built  by  Ertel  and 
Sons  for  SI  ,480. 

4- inch  mural  circle,  5-foot  focal  length,  by  Troughton  and  Simms, 
costing  $3,550. 

5- inch  transit  in  the  prime  vertical,  78  inches  in  focal  length, 
made  for  S  1 ,750  by  Fi.stor  and  Martins. 

3.9-inch  comet  seeker,  ju.^it  32  inches  in  focal  length,  by  Merz  and 
Maiiler,  for  $280. 

Anoiliei  transit  instrumenr,  and  a  transit  circle,  also  came  to  the  Depot 
about  that  time. 

rims,  in.>tead  of  tfie  .single  meridian  instrument  CJiliiss  had  used  until 
1842,  the  new  observatory  suddenly  possessed  five  ot  them,  and  a  very  large 
refractor,  .Since  each  ic!e:.cjpc  had  ilitterent  eapabliitics,  there  was  no  re 
tlundancy,  1  he  transit  in>irumeprs  only  iletermined  riglit  .iscensions,  by  pre 
cisciy  tim!ii‘4  star>’  pa.ss.iges  over  ilie  inei idi.m. 'I'ije  mural  dicie.  .»  peciiliarlv 
English  instrum'-iit.  couhl  tmly  delerinine  declimnions.  '1  he  n.m.-.it  cucle 
(meridi.m  ami  prime  vertical  could  tim.1  positions  in  bi.th  connim.itcs. 

using  dilicienl  mellntds.  ISy  .icquiring  both  .i  mur.d  (.ircle  :md  a  prmu-  veni 
lal,  (eliisx  umld  comp.ue  the  accuraeicN  ot  tile  two  instjunient>.  wfndi 
rej.'iC'.etUed  the  Engii^ij  .md  German  schools  of  j'-asition.d  .iscmnoiuv. 

Duties  exp.mded,  too,  f  ile  ollieeis  .md  p.issed  midshipmen  m.<vie  :!u  le 
»  :aiK)^ic,d  t)bserv;itit>ns  regid.uly,  cnllecieii  u\ drogra.phic  d.na.  »  <m-.tr  m  teu 
eh.. Ills,  tii<  d  .iml  ratCil  chr<Mn>me(ei>.  .m<l  bought  .:!!  n.mtic.d  botihs.  'u.ip.s. 
I  halls  .mil  instiumcnls  liie  N.«v\  requited.  Aiul  '•vjilrin  .<  \e.ir  <  t  fu-  -pj'tere 


nicnt,  M.niry  1‘ad  the  prime  vertical,  the  fiuiral  circle,  ami  the  transit  instru¬ 
ment  operalinj^. 

Frt)in  1845  tni,  the  observatory  made  ree,alar  memlian  ohsenMtiims  ol 
the  Sun,  Moon  and  planets.  Maury  eve?'  proposed  in  1846  tliat  a  star  cata' 
lo^iie  1“  j)repared  tor  use  in  a  iiaMtical  almanac,  embraeinc  ail  stats  \isibL 
with  the  instruments.  'I’he  Navy  .tpproved,  and  Maury  began  liie  work. 

'I'he  time  service.  previt)u.sly  limitet!  to  rating  chri^nometers,  aiideu  .»  lime 
ball.  Thi.s  was  a  biaek  canavas  structure.  21:  tcet  wide,  droj»ped  tiaati  the 
m.i.st  atop  the  dome  every  tiav  pie*  iselv  ai  uuon.  ii.e  lone  !>.sii  i 

prominer. I  in  ilie  earliest,  sketches  ot  the  oh-.servatoi \ . 

'I'he  -si.iH  grew  tunii  six  passed  nudshipmcu,  tinee  iientenaiit'*.  .md  a 
maciiim s;  ineliule  .muiher  three  lieuten.mls  and  members  <u  t.he  t  orps  'if 
M.ichematic iaiis,  whicii  was  previously  associated  with  the  N.oal  Autt-leinv 
‘I'iie  r.iiiks  'U  Navv  pudessors  who  joined  the  ( )'Oservau>r\  over  ti'.e  m  vt 
two  dec.'de;-.  nuiudee;  joh:'  (2  C'oMiu  184  Fi,  jo-eph  .S.  Hubt'-.n  1  i -si  n  . 
Kuei  Keitii  ^  !8-f7o  M.  ^^nn.l!!  ;  185!  .md  Ninno:  Newfanb  '  !8hi  .  .lO 

W  dki  i  ..  eivili.Ui,  ii  rtveil  haim  the  Idiil.ideiphia  1  ligh  .Sclna*!  OOw  iv.itor\  iii 
1846  but  lermneii  the.’c  .tiler  1*'  \  ’ars  because  4  lonllu''  with  M.or\. 
|. lines  Ici'guson,  .ib.t»  .i  avili.in.  jiuned  tlic  ^latl  m  1  84  S  a?i  i  nl'.  with 
ilu  i-uat  ieu.no>!  uiud  IHO/  . 
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The  Mcrz  and  Mahler 
9.6-inch  refractor, 
mounted  in  1844. 


’I'lic  “tirst  vt>lun»e  ol  Asironuiiiicai  l)l).scrv;uit»ns  tii.it  li;is  ever  bn-u 
issiiiHi  Iroin  ;ui  iiistiuiiiuji  piupciiy  eiUiilcil  ihc  iminc'  o  r()i>.-Tv..u  mV  TmI 
this  side  i.){  t!k'  Atl.infic,”  as  M.iury  termed  it,  was  pubiisijeil  in  l.H4(*.“’  It 
mciudetl  prime  vcriit.d,  u'.msitdustrumeut.  .md  mui.ibcireie  (»bservailt)i:>. 
aiul  culminateri  with  a  i.itab'',*uc  »)f  stars  \viiosv‘  r'ljiH  .isten ami 
tiecliii.nioiis  had  been  pre^i^ely  determined. 

'riii.  volume  c.st.iblisneti  the  iutein.iiiuiial  reput.ition  ot  the  obseivalory, 
i^iriiier  .!tle!itiM;i  ,a!ne  in  Dvl 7  wiieii  Walker  tlisve-vereil  tlur  lia.l 

been  obsetved  In  J.  I  al.imle  lu  17‘>S.  ioiij;  bet«*re  ;is  tilsetivery.  tlius  en  ddme. 
a  mujc  precise  determiii.ition  id  its  ojbit. 

lethiiie.ii  impji'vemeJiis  iiuiudcil  the  iutrotiiu  fi<  ai  in  livid  •>!  i  *  httui 
oi^raph  lor  autumalicallv  recoaim^  iraivsit  tunes  t»j  '.l.irs.  liius  repia, m.;  ti»e 
l.iborhuis  and  ie-.s  atauiate  eve  .nui  e.ir  nutinni,  IW  the  end  .»!  '.lie  . 

liu*  » *b Herv.itoi  y  v.ms  a  (t‘p,<jiai  p.ii  t  «U  llli  U>  \\  .I'.hne.;?.  ui  atui  tlu* 


KiMf  .1  tircU  a 
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and  was  known  and  respected  around  the  world. 

It  was  also  becoming  evident  that  Maury’s  program  was  too  ambitious, 
By  1849,  38,000  observations  of  stars  remained  to  be  reduced,  so  the  her¬ 
culean  program  oi  producing  an  all-encompassing  star  catalogue  had  to  be 
abandoned.  Tlie  war  against  Mexico  seriously  depleted  Maury’s  junior  staff. 
When  forced  to  choose  which  duties  to  maintain,  Maury  turned  to  hydrog¬ 
raphy  rather  than  astronomy 

Though  Yarnall  kept  observing  about  500  stars  per  ye.ir,  from  1849  to 
1860  Maury  and  the  rest  of  his  staff  produced  famous  wind  and  current 
charts,  which  required  the  collection  and  coordination  of  data  from  ships  all 
over  the  wc^rld.  Maury’s  interpretations  of  these  data,  and  hi.s  uiiortiiodox 
theories  in  other  areas,  made  him  something  of  an  outcast  among  scientists, 
but  his  work  and  the  textbook  7‘he  Pliy.<icLil  (',voi^rLii)hy  oj  the  Sc\i  (1855) 
justly  earned  him  the  title  of '‘father  of  oceanography.*’ 

Thougli  the  1850’s  at  the  Naval  Observatory  belonged  to  t)ccan(/graph} 
rather  than  astronomy,  Feigu.son  continued  ob.servations  with  the  retractor. 
He  disccwercd  rltree  ndnor  plaitets;  31  Euphrosyne  in  1854  (the  first  found 
from  America),  50  Virginia  and  60  Echo.  Astronomical  observatic'ns  were 
publi.siied  sporadically,  and  Yarnall’s  did  iiot  come  out  until  1872.  At  first 
these  .ippeared  under  the  name  'National  Observatory'*  but  after  18.^3  "U.S 
Nav.d  Ob-icrvatory,”  anticipating  the  Secretary  of  the  Navy’s  cuvIer  of  l>e 
comber  12,  1 854,  designatmy  the  institution  "  I’he  Uiutevi  St.ite;>  NaoJ  t 
scrv.itoi)  and  Hydrogi apinc  Office,"  to  recogni/e  Iujw  liie  I)t  puc  Icui  grown 
.md  til '{  tile  N  ivy  was  .n  charge. 

When  ilic  ('.iivil  W.n  .siartcJ  m  die  .sprnig  of  1,^61.  Niaurv ,  whu  w;,*'  born 
ill  Vngii.ii  .md  hud  lived  in  Tennessee.  icUgned  to  join  the  t.'onf*  d .  r.»C\ .  lie 
left  WaHninc^on  .imiil  ».  iiargvs  of  tieMso,!.  None  other  th.in 
.ippoiiiud  to  t  ike  hi.N  pl.ue.  fin. illy  g.nning  tlie  position  he  h.ul  hopid  t.s.  16 
Ne.iis  beluie.  Unruig  ihc  intetv.il  Ik  h.id  redi.<.ed  .nui  re.ulied  i^r  pi  sv  he 
n.m''!r  olweu.itnm*.  iinin  to  lfS42,  'uithiied  .nul  he.uied  .i  N.iv)  sfeda 

lU)i!  to  (ihiie  to  determine  sof.i’  rar.dl.o  .and.  Icti  .'.ol.ir  «...lipse  e\pv-.i:’lo  e,  t.. 
Eerii  .H.d  W.olungton  ’ieiiit..Piv  He  .Npent  Ivnir  se.u-  prep.uin- a  ioui  v.-leme 
.leciKim  of  the  1.*.  .S.  Nav.d  .A.iiunoinK .d  I  spedition,  I.S4‘/  52. 
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charts  and  chronometers  tor  a  greatly  enlarged  navy.  Still,  CJilliss  managed 
to  publish  old  observations  that  Maury  had  left  unreduced,  and  undertook 
about  2,500  star  observations  each  year.  Five  volumes  ot  observation. s  were 
published  under  Gilliss’  direction,  as  many  in  five  years  as  in  Maurv’s  Iv. 
in  addition  to  Newcomb,  in  1862  he  appointed  Asaph  Hall,  William  Hark- 
ness  and  J.  K.  Eastman  to  the  positions  of  assistant  astroiionicr.  Astronomy 
became  vigorous  once  more.  A  new  8.52-incIi  transit  circle  was  mounred  in 

1865. 

Gilliss  died  suddenly  in  February  1865,  perhaps  from  malaria  con¬ 
tracted  from  the  swampy  surroundings  of  the  Observatory.  In  a  scene  remi¬ 
niscent  of  Copernicus,  he  received  on  the  morning  of  his  death  the  })ublishcd 
observations  of  solar  parallax  made  from  observatories  in  Washington  and 
Chile  that  he  helped  found. 

T'he  Hydrographic  Office  was  separated  from  rlie  Naval  Observativ,y  in 

1866,  and  the  Nautical  Almanac  Office  moved  to  W'ashington  Irtmi  Cam¬ 
bridge.  Massacluhsctts,  that  .same  year.  It  became  an  oiiicial  part  oi  the 
Observatory  in  1893.  when  that  imstituriofi  itselt  imn'ed  its  piesenr  h'ca- 
tion  on  Massachusetts  Avenue  (see  Sky  itiul  I'i  tc scope,  December  1951 ,  p.igc 
27). 

With  the  arrival  of  Newcomb,  whose  name  is  so  ch^-sely  linked  with  the 
26  inch  reiractor  that  came  in  1873  (see  S^’y  utn/ '/V/e.s-eo^/e,  October  1973. 
page  2(l8),  and  Hall,  discoverer  of  the  mouiis  of  Mais,  the  history  ot  the  Ob¬ 
servatory  bccome.s  more  familiar. 

rh-e  touiuhiliims  laid  from  1830  t»»  1865  are  still  .ipparent  tod.o  .  The 
couiemporary  V.  S.  Naval  Observaiory  carries  out  tr.msit  v'r-Je  \>bsei va(i<n's 
ij)  deiennine  the  tuiulamenia!  ccle.Niial  tuurduiaie  system,  em|-iovs 
liv.ited  .uomic  eh>cks  and  ph»>ii»graphic  zenith  tubes  lt»  manu.dn  ns  tsnie 
scivite.  and  prepares  I  in  a/  ,  l/nnmui  Tonnerls  7  //e  .  i/ ..e 

I'jihi  ittei iiihl  Sitiitiiid  allied  by  the  latest  e*ieet;'>n!t  tojnpuier.s, 

'rin  re  is  also  a  lung  term  progr.im  ul  double  star  a  ml  p.it.dl.is  itie.tsme 
ment..  bufh  with  the  2t»  inch  rcfracti>r  .uid  wit!*.  [i>e  o  1  nui;  ..stuntieinc 
lefl'-iiur  Ml  rhig^ta-'f.  Art/ona.  A  new  pri.giain  m  nuins  .ufru!;:i  ti  .  *s 
upeuiiu;  yet  .nu>lhcr  phase.  *1  in:  Naval  ubsetv.ituiv  iummm  .  o>  jd-N  .m 
import.iiir  rule  in  the  gfowih  of  Ameruan  astri>nuns\  and  iu  :iie  desejup 
liie’il  uf  pusiiJoual  .isirunoms.  lunekeej  ing  .md  n.e.ig.itiuu  ;i-.: .ut  tij.. 
wuild. 

1  he  .mtl:-ur  ilmnks  Rt>hert  W.  Khy'.sbm'ge? .  ‘I  i.eodv'H  J.  Katlerts  .u-.vi 
r*rciul.»  td.  (.  -.uIj::  of  the  N.iv.d  tibservaiuis  f«>r  liicir  .is'ao.uue  oi  ptapaotii: 
lliLs  ai  tide. 
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1.  N?tional  Archives,  Record  Group  45,  Entry  214,  “Letters  to  Officers.” 

2.  National  Archives,  Record  Group  45,  .EntfN  213,  27  June,  1831,  “Letters  to  the 
Secretary  of  the  Navy.” 

3.  National  Airchives,  Record  Group  45,  Entry  228,  10  June,  1831.  “Letters  from 
the  D'‘pot  of  Charts  and  Instruments.” 

4.  Ibid..  June  19,  1833. 
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under  Orders  of  the  Honorable  Secretary  of  the  Navy,  dated  August  13.  1838  (W.isliinp; 
ton,  1846).  p.  X. 

6.  Ibid.,  p.  .xiii. 

7.  National  Archives,  Record  Group  45.  Entry  228.  “Letters  from  the  Depot  of  Charis 
and  Instruments.” 

8.  Rcpoit  of  the  Secretary  of  the  Navy,  communicating  a  “Report  of  the  I’l.m  and  Con 
strucrion  ol  the  Depot  of  Charts  and  In.struments,  with  a  Description  of  the  Instru 
nicnts,”  Senate  Document  1 14,  28th  Congress,  2d  .session,  p.  1 14  ^by  |.  M.  Gilliss). 

9.  Gilliss  t'«  Elias  Loomis,  18  October,  1844,  transcribed  in  Nathan  Reingt  hl.  Sciencr  in 
Nineternrli  Ovntury  America  (New  York,  1964),  p.  138. 

10.  .4s/r<.i;u>n;it:c!^  Observations  tnade  ttnder  the  Direction  of  M.  V.  Maury.  I.teut.  U.  S. 
Navy,  duriUjf  the  year  1845,  at  the  11.  S.  Naval  Observatory.  Washitij^ton  (Wasl/meton. 
1846).  Appendix,  p.  118. 


4 


:  n  ^1 


tcstdri'.v «  L'i-O  -I.H 
^  ci  Uficsv  ..f  U.  1  .  sj  ‘ 


*•  < 


STAFF  (September  1980) 


Superintendent,  CAPT  Raymond  A.  Vohden,  USN 
Mrs.  Margaret  L.  Dyer,  Secretary 

Deputy  Superintendent,  CDR  Jolm  L.  Hammer,  III,  USN 

Scientific  Director,  Dr.  Cart '  'csterhout 
Mrs.  Brenda  C.  Corbin,  Librarian 

Fxpioratory  Development  Staff,  Dr.  Paul  M.  Routly,  Hoad 
Mr.  Charles  E.  Worley,  Astronomer 
Dr.  Robert  S.  Harrington,  Astronomer 
Mr.  Varkey  V.  Kallarakal,  Astronomer 
Mr.  f'redcrick  |.  Josties,  Astronomer 
Mr.  GoeHrey  G.  Douglass,  A.stronomer 
Mr.  James  W.  CiirLsty,  A-stronotner 
Mr.  William  L.  Dunn.  Eiectronics  Toclniiciar. 

Tccimical  Officer,  LCDR  Glen  E.  Eubanks,  USN 

Nautical  Aiinanac  Office,  Dr.  P.  Kenneth  Seidelmann,  Director 
Mrs.  Margaret  C.  Kceflin,  Secreiary 
Ephemeris  liranch.  Dr.  Paul  M.  janic/ek,  Chiei 
Mrs.  Victoria  1..  Meiller,  As(rom)mer 
Mr.s.  jean  IL  Dudley,  Asirt>nomer 
.Mr.  l.eRi>v  L.  Doggeii,  Astrononu  r 
Mr.  Sol  Elvove,  M.nhematician 
Mr.s.  Marta  (iohlbl.iii,  tj^uiiputor  Specialist 
Mrs.  jean  A.  Blake,  F.dittrria)  Assist.mt 
Mr.'*.  Cli.irloite  IF  jaine.*,  Cauiing  (..'ierk 
Ms  M.  Dianc  Digg'*.  ILu.i  i’l austuber 
(!clesn.it  Mec!:.insc.s  Branch.  Di.  ‘I  hom.i,  C,‘.  V.ui  I'laiuli-rii ,  (  Id 
Dr.  .'\l.in  D.  Fiala,  Asiroiuauer 
Di,  Ir.  i?  Asirimomcr 

G.'vugc  li.  K.ipl.tii,  AstrosU)n:cr 
.\li.  Pi  tci’  l^^|H‘l:^cli5ed.  Astron.iinif 
.Mi  *  .M.itic  iC  I  U.k.it.  Asirw'hU::i.i 
Mr  Ki  UMcjh  I-.  Puikii’isen.  .A  (roiit.itu  i 
.M'.  Sail*  j.  iicnsusm.  .Aslvononu  i 
Mr.  IGihani  Id  Sihim.li.  Asirvaioir.  -r 
Mi  Friu  st  j.  S.i5iO;r> !.  A’ ii oil* iiiif  I 


184 


STAFF  (September  1980) 


Time  Service  Division,  Dr.  G  tpoc  M  R.  Winkle*  ,  Director 
Scientific  Operations,  Dr.  R.  Glcnii  Hall,  Chief 

Mrs.  Dorothy  M.  Outlaw,  AJministrafivc  Services  Manager 
Ms  Janette  C.  Wallace,  Clerk-Typist 
Precise  Time  and  Time  interval  Branch.  Mr.  Kennctn  Putkewich.  CT-ief 
Mr.  Paul  J.  Wheeler.  Eleciroiiics  T'oehn'etan 
Mr.  Daviti  .vh  Cljalmcrs.  Electronics  Techmeian 
Ml.  Scracon  M.  Spyropoulos,  Electronics  Technici.ui 
Mr.  Richard  Walker,  ElectroiiLcs  T  echnician 
Mr.  Anthony  j.  Kubik,  Electronics  Technician 
Miss  Marilyn  R.  Raines,  Matiicmatician 
Mr.  Warren  T  Toland.  Astronomer 
Mr.  Mihran  Miranian.  Matlietnalician 
Mrs  Edna  S.  Benuniici',  Physical  .Science  T’cciinici.i)i 
Mr.  Andrew  C.  jolinson.  Precise  T  ime  Operations  Oiiicei 
Mr.  Wilaam  B.  D.ihney.  Electronics  T'ecliniciaii 
Ml.  George  l  i.  Luther,  Electronics  T'echnici  in 
Mr.  I  l.iri  ;*  A.  Goodman 
Mr.  Doiiuld  L.  Sli?4er 

.Asiroitoinical  Observations  and  Data  K  •tjittlioii  Branvil,M^  l.,iur.i(i. 
Chairtm,  Chief 

Df.  Dennis  I).  McCarthy,  Astronomer 
Mr.  Irving  W.  l.mdcnblad.  Astronomer 
Miss  Alice  K.  iLibcock,  AsiioiK.mcr 
Mr.  Kichc.rd  E-  Keating.  Astrtmonier 
Ml.  Carl  l\  Lukac,  Asti oius-mu  i 
Mr.  Raiuiolph  T  .  (daike.  111.  Astronomer 
Mr.  Arvid  E.  Msei.s.  As'.roiMimT 
Ms  E.  Neville  Wiriiingttm.  AMioiiomc.' 

Mi.P.iliick  li.  l.jo\ ti,  l*h\ si.  ai  St  i*  ii>  e  l.tinui.a 
Speci.d  Projcvts,  Dr.  Wdliani  J.  Klej'v/Miski 
Dr.  Denietinei  M.'tsakis,  .t 

i  1-. .  i)  cv.ii  R.  ivtAv;,ki  Asnt'e*;nu  I 

Gi  ,  J’i?ilip  E.  Ar.-j^eiluTe; .  As?,rt>nomei 
Time  Sei'viiC  .kubst  ation  Pliv  htmaai.  t  lofid.t  .Mi.  Don  K ,  I'n 

Mr.  ili-uald  A.  MeUloid.  .Astrtai.mi.  t 
Mr  Melvin  W.  Vviisu-.  M.iiluniJ.tti.  cm 
Ml .  j.unes  t  k  M.iriiii ,  .Asti « mome ? 

Mf.  IGeod.i  |,  Amif.ik:!  i:..  .A.lf «  Mi .  a  i  e  f 

M:  {  .Mil.  A.  Kimh.v.  Lit  s  i.-ia.u.ej 


STAFF  (September  1980) 


185 


Transit  Circle  Division,  Dr.  James  A.  Hughes,  Director 
Mrs.  Dimity  W.  Dlcdsoc,  Secretary 
Instrumentation  Branch,  Dr.  Benny  L.  Klock,  Chief 
Mr.  F.  Stephen  Gauss,  Astronomer 
Mr.  M.  Dennis  Robinson,  Astronomer 
Mr.  Theodore  j.  Rafferty,  Astronomer 
Mr.  Joseph  J.  Bone,  Electronics  Technician 
Mr.  Tracey  D.  Hendricks.  Electronics  Technician 
Mr.  John  W.  Pohiman,  Jr,,  InsUument  Maker  Foreman 
Mr.  Edward  C.  Matthews,  Instrument  Maker 
Mr.  Stephen  J.  Borctos,  Instrument  Maker 
Mr.  John  W.  Bowles,  Instrunit.  t  Maker 
Catalog  Branch,  Mr.  Robert  W.  Rhynsburger,  Chief 
Dr.  Edward  S.  Jackson,  Astronomer 
Mr.  I.bvid  K.  Scott,  Astionomcr 
Dr.  Clayton  A.  Smith.  A.stronQmt*r 
Dr.  Thomas  E.  Corbiii,  Astronomer 
Dr.  Richard  L.  Branham,  Astronomer 
Mr.  Ellis  R.  Holdcmeid,  Astrojiomcr 
Mr.  Rtibert  J.  Miller,  Astronomer 
Dr.  Steven  J.  Dick.  Astronomer 

Automatic ‘I’ransii  Circle  Detachment  (Flagstatt),  Dr.  Hari>ld  E,  Dutgin, 
Chid 

.Mr.  Harry  E.  C'ndl,  Jr..  Astronomer 

Mr.  Willi.nn  S.  Durham,  Astronomer 

Mr,  Joseph  K.  Hob.irt,  Fdecironics  Technician 

Fbgsufl  Station,  Dr.  Handd  D.  Abies.  Director 
Dr.  CN)naui  C.  Dalm,  Asirommier 
Dr.  Antiioir,  V.  Hewiit.  AHtfonoiner 
i)i  .  l‘«cvieris  k  Viba.  Asiror.oniei 
Mi.  H.»rry  H.titieiter,  .Astiolioinor 
M;,  Ru  iiard  I..  W.dktT,  jf.,  Astr»w'umn:r 

r.euv  V.  Kiepe,  FissM^.a!  Science  'red’.nici.»n 
i\h  .  And.'CN  M.  I'l  inande/.  Maintei'.aiuern.in 


186 


STAFF  (Scptcmbo-  1980) 


Public  Works  Department,  LT  Lawrence  M.  Holmes.  CEC  USNR,  Public 
Works  Officer 

Mrs.  Mildred  C).  Klock,  Secretary 
Mr.  Myles  H.  Thaler,  Civil  Engineer 
iMr.  William  J.  De.iii,  Flanncr  and  Estimator 
Mr.  Jeremiah  R.  O’Neil,  Shop  Planner 

Buildings  and  Grounds  Branch,  Mr.  Raymond  L.  Jordan,  Foreman 
Mr.  .Albei  t  W.  Pullman,  Jr.,  Painter 
Mr.  William  H.  Johiuson,  Jr.,  Painter 
Mr.  Carol  R.  Pearson,  Wood  craftsman 
Mr.  Harold  Spangenberg.  Carpenter 
Mr.  Norman  E.  Bertoliini, Carpentei 
Mr.  Marvdu  S.  Havener,  Gardener 
Ms  Beth  E.  Becker,  (iardener 
Mr.  Michael  j.  .Xaiider 
Mr.  Henry  E.  Dickens,  Electrical  Worker 
Mr.  John  McKinney,  Traettrr  Operator 
Mr.  Dennis  C.  iSaker,  Laborer 
Mr.  C.  (Jeorge  Werner,  Laborer 
Ms  Barbara  E.  M.trsh.ib,  Labors 
Mechanicai  Branch,  Mr,  CaHirge  A.  Beiiekcrt,  Foreman 
Ml.  Mithael  R.  C'ecejiini,  Electritian 
Mr.  Maiuive  .S.  Jatk.Non,  Electrician 
Mr,  Davi<i  \V.  Ravitunl,  Eietinciun 

.Ml  .  ( Iral  lic.illii  riugton,  Jr.,  Air  C\jmiilioiting  F.juipmtiu 
Mr.  Mark  A.  H.uuock,  Air  (^mdiiionmg  nk  ut  MeduiEoc 

sMr.  juhn  W'iiikin  Pipefitter 
Mr.  jciiinie  (..oicm.tn,  lioiler  Pl.tnt  Dpv  f.ito.^ 

Ml,  Jt>nn  E.  Pen) .  iM.uu  t  r 

.Mr.  i‘'i\  C..  Hiil,  iU>slcr  Plant  tlpei.iti.r 
Mr.  Eaiiier  E.  P.»mh-.  Jr  ,  l.UuIet  i’l.iUt 
E.dioi  .Stppinf.  inaiuh.Mr.  W  dliam  f'.  Winr.v,  !  t»ic!iiau 
Ml.  Emiliiii,  |r..Mott>t  V-  hu  ic 
Mr.  ler»'\  1  ,  r*!ler\ .  iM;>i< it  Veliu  le  i  itK  j 
M;.  t  >rLouii^  K.  E.iiniref 

l-vlwarii  It.  t  ..inpbeii,  1  .>{)t»£er 
Mr.  r.t-\d  i’,  Rtuki  i.  Eabt-Ji.r 
Mr.Ct  'vfl  F'.  r..sib  nn  .  {.ab'^rer 


STAFF  (September  1980) 


187 


Administrative  Management  Division,  Ms  Margaret  W.  Christensen.  Director 
Ms  Jennifer  G.  Ramsey,  Office  Services  Manager 
Mrs.  Virginia  B.  Fredrickson,  Tour  Guide 
Mr.  josepli  W.  Connelly,  Publications  Distribution  Clerk 
Ms  W.  Marie  Jones,  Travel  Clerk 
Mr.  \V.  Bernard  McKcithan,  Personnel  Assistant 
Mr.  Olen  Wilson,  Jr..  Security  Operations  Supervisor 
Mr.  Riley  Middleton.  Lead  Guard 
Mr.  Harry  R.  Bo  Man.  Lead  Guard 
Mr.  McCray  IL  Whitley,  Lead  Guard 
Mr.  Cdiapiuan  B.  Stephens,  Ciuard 
Mr.  William  C.  Longshore,  Guard 
Mr.  Jt)seph  B.  (ioolsby ,  Jr.,  Guard 
Mr.  Ferdinand  R.  Banks.  Jr.,  Guard 
Mr.  Ciarhnid  Jackson ,  (iuard 
Mr.  Randolph  White,  (iuard 
Mr.  FV.ink  Miles,  Guard 
Mr.  j'heo(.lore  Lee.Ciuaril 
Mr.  I'rank  S.  Dougl.is.  Gu.ird 
Mr.  Willie  Norbrc) .  (i  Hard 
Mr.  Antlu^ny  S.  Gaither,  (iuard 

Supply  and  Fiscal  Division,  LT  Llliott  D.  Minor,  Mi.  SC!  I'SN,  Supply  aiui 
I'iscal  Ot liter 

Ms  K.itherine  (!.  Washington.  C!lerk-t>  pisi 
Mr.  j.nnes  P.  McDon.ilil,  Siipervisoi  V  liudget  Analyst 
Mr.  Lvnwootl  F.  Rt»ue.  0[>eiating  Accountant 
Mr.  K»»bei  t  i!.  Dunn.  Prtit  urcinent  Ageii' 

Mr.  (!hesso  Kn>.ker.  i’nr».haNing  Agent 
Mr.  Robert  R.  Robinson.  Wareliousein.in 


C:ONTRlBUTC)RS 


IAN  R.  UARTKY,  a  physical  chemist:,  received  his  Ph.D.  Irom  the  University  of  Califor¬ 
nia  at  Berkley  in  1962.  His  scientific  career  has  been  at  the  National  Bureau  of  Standards. 
For  the  past  eight  years  his  technical  activities  have  been  directed  toward  public  aspects 
of  time.  Among  other  recent  efforts,  he  discussed  Standard  Time  and  daylight-saving  time 
effects  in  the  M.r/  1979  Scientijtc  American. 

STtV'EN  J.  DICK  is  an  astronomer  and  historian  of  science  in  the  Astrometry  Division  at 
(he  Naval  Observatory.  He  received  his  Ph.D.  in  hi.story  of  science  in  1977  from  Indiana 
University  and  came  to  the  Naval  Observatory  in  1979.  His  book  rluraliiy  of  h'orUI.<  was 
published  in  1982  by  ('ambriclge  University  Press. 

LcROY  E.  IXKIOETT,  who  joined  the  Nautical  Almanac  Office  in  1965.  ives  as  editor 
of  Naval  Observatory  publications.  He  received  his  Ph.D.  from  North  C'arolin.i  State  Uni 
veisiiy  in  1981.  Published  work  has  been  devoted  to  dynamical  astronomy  and  .ircliacoas- 
ironoiny.  He  is  Associate  Editor  of  the  quarterly  journal  Archaeoastronomy. 

JAMES  A.  HUOIIE.S  is  the  Director  of  the  Astrometry  Disision  of  the  Naval  Observatory. 
He  received  his  Ph.D.  from  Chdumbia  University  in  1966.  but  his  career  at  the  Observa 
l<»ry  iiaie;>  back  to  1958.  when  he  servctl  as  .t  suimncr  stmlent  intern.  He  has  autliorcd 
many  papeis  on  .i,st« oinetric  topics,  particuhirly  astronomical  rtlratt»»)n  A!  present  iie  is 
1‘rcsident  oi  lAU  Uonimission  8  '^Star  Positiojis). 

I’AUE  M,  JANIC'/.FK.  a  Branch  Chiet  in  the  Nautical  Almanac  Otfice.  joined  tlie  .Nav.il 
Obsejvatojy  in  1967  after  icver.d  years’  work  for  NA.S.A  in  the  area  sucn.if'ic  and 
we.ither  satellites,  lie  leceivetl  hi.\  Ph.D.  front  (lemgctown  Univer.sifv  in  197(>.  Altlioim'i 
most  of  his  pnblic.itiiMis  ate  Ciuicerned  with  tlynainiial  .csironvuii)  aiui  nasigation.  ins 
aitklc  on  the  (laiisit  ot  Venus  expeditious  aj>pearci!  in  .S’lrv  um/ 7‘e/e5Tt>/»e  foi  Desemb  r 
1*)74.  lie  is  the  l  illtor  »d  the  jonrtia!  .Vafiyufrou. 

ARTHUR  I  Nttl'BI.Rti  is  the  Director  oi  the  Uluarlei  Babbage  Institute  loj  ilu  f!is!.u\ 
ot  In  loi  m..i  i*ui  Pi  oi  e-.sing  at  tin*  Uiuvei  si  tv  o!  Minncsol.».  I  le  rcceivcii  his  P;i  I  >.  ii‘<  in  .toi  v 
<»t  ssienue  and  levlmoiogy  in  1979  fr»>m  the  U'nivcr.sitv  of  \Vi>tonsin.  \la»irso'i.  wttls  a  du 
.seilaliou  tntdlcd  ".S.nion  Newtomb  and  Nineteenth  Uen:u;y  Positional  As!:ouo;ii\ 
.Among  his  m.ins  |n:blii..tti»>';-.  is  “Siiuun  Newsoiub’s  U.itly  Astum. U'u  al  1 1  ’.  '.s'u.  a 
.ippeau'il  ill  /o»  m  jnne  oi  I97.S. 

ANDRi  A.'^  p..  Rt CHNir/.l  R.  t  aplaiu.  USNR  leur.a  .  is  Assistant  !-.i  I-  titi.at;  ^nal  a*  .i 

lnler.»v  t  lu  *.  AH.iit..  Ollue  «  *  lliet'hiet  of  N.i\  al  I  tpexalious.  lie  itvco  'li  a  P';  D.  n' 

ihe  ibiseisils  valifornia  .Stiipps  Instilutivui  o!  '  )» ea'togiaptu  .  la  b-ila  He  lias 
seiVcil  .IS  llie  t  o*tid.inatoi  lor  Itic  U.  S.  N'av\  Deep  Subnu  rgeiu  i  Progr.iin  aiU'  a.  a  sum. 
list  .md  I'ucvtoi  .»!  tKiaii  .Swiuins  at  Roekwell  Ji;M  i  Uati-mal  .A:  age  lu-  ;!(. 

t'nili.ui  .'stisus  Awa.ol  tioui  Pie;.idi  J!l  lMs..nh  >Wit  tot  Ills  Ii'vojd  d:vi  m  •.'sc  •:  a(^.‘,  .<  a;  s 

/ruffe,  lie  Is  the  a.ithoi  ol  mans  ..jIkUs.  int  ludiiVv:  ‘  U'ndt  i  sea  1  sgloratioi;  .n  H:  Hi'' 
siiiiiui  I  f  /  \  .  /.•pejj.i  /lir'/.'unit  vi. 

iKO 


190  CONTRIBUTORS 

MARC  ROTHENBERG  is  acting  editor  for  the  Joseph  Henry  Papers  at  the  Snuthsonian 
Institution.  He  received  his  Ph.D.  in  history  of  science  in  1974  from  Bryn  Mawr  College, 
with  Vi  dissertation  entitled  “The  Educational  and  Intellectual  Background  of  American 
Astronomers,  1825-1875.”  He  has  recently  published  'Ihe  HL^tory  of  Science  ami  Tech- 
riolc^y  in  the  Umted  States:  A  Critical  and  Selective  Bibliography. 

PAUL  M.  ROUTLY  is  Assistant  to  the  Scientific  Director  for  Science  Coordination  at  the 
Naval  Observatory.  He  joined  the  Observatory  in  1968  after  service  as  the  first  Executive 
Officer  of  the  American  Astronorrical  Society  and  earlier  as  Professor  of  Astronomy  at 
Pomona  College.  He  received  his  Ph.D.  in  astrophysics  from  Princeton  University  in  1951. 
He  is  the  author  of  a  number  of  papers  on  atomic  and  molecular  spectroscopy  and  is  a 
collaborator  with  Dimitri  Mihalas  on  the  te.xtbook  Galactic  Astrimomy. 

P.  KENNETH  SEIDELMANN  is  the  Director  of  the  Nautical  Almanac  Office  of  the  Naval 
Observatory.  He  joined  the  Observatory  in  1965  after  military  tervice  as  a  Research  and 
Development  Coordinator  at  the  U.  S.  Army  Missile  Command,  and  icccived  his  Ph.D.  in 
dynamical  astronomy  from  the  University  oi  Cincinnati  in  1968.  He  is  the  author  of 
numerous  articles  on  celestial  mechanics  and  a  iiicmbcr  of  many  professional  societies. 

(!AKT  WLSTERHOin'  is  the  Scientific  Director  of  the  NavalObscrvaloiy ,  charged  with 
the  coordination  of  the  work  in  the  scientific  divisions.  He  received  his  Ph.D.  at  Leiden 
University  in  The  Netherlands  in  1958.  Prior  to  accepting  his  present  position,  he  was 
Director  of  the  Aslronoiny  Program  at  the  University  of  Maryland  from  1962  to  1977. 
He  h.ns  published  over  60  papers,  mostly  in  the  areas  of  galactic  structure  jiul  radit)  as 
tronomy,  has  been  a  mcinbci  of  numerous  commissions,  and  lias  received  several  ./.waids. 

tJLKNO  r  M.  K.  WINKLER  is  the  Director  of  the  Time  Service  Divisiot.  of  the  Naval  Ob- 
seivatory.  A  native  of  Austria,  he  leccivetl  the  Ph.D.  in  astronomy  and  physics  from  the 
University  of  CJra/,  Austria,  in  1952.  In  1956  he  came  to  the  United  Stait:.  atui  was  a 
lonsultunt  for  atomic  frcvjucncy  control  at  the  Signal  Corps  I.abiiratories.  lie  luid  iwti 
exitutive  pi»sitions  in  coninuiiMcaliuns  and  ienu»te  sensing  research  b  ‘tore  bec.-u.itu  D1 
recioi  I't  the  Time  Service  Division  in  1966.  A  pa:.i  prcsidciit  of  Cornnmsioii  .11  !"i  iitir)  ol 
the  lAU,  lie  has  six  U.  S.  paletits  and  many  publuaiiiiiis  his  ticdii. 


